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ARGUMENT 

The Office's acceptance of the statements of the real party in interest, status of claims, 
status of amendments after final, summary of invention, and issues, and grouping of the claims is 
appreciated. 

Below, Appellants specifically address the following issues from the initial Appeal Brief: 
Issue 1 - Whether Claims 1-6 are not obvious over the combination of Cook et al. (U.S. 
Patent No. 5,554,646), Cain et al. (WO97/18320), Chin et al. (Joumal of Food Composition and 
Analysis, 1992, Vol. 5, pages 185-197), and Baltes et al. (U.S. Patent No. 3,162,658). 

A. Claims 1-6 and 8 Are Not Obvious Over The Combination of Cook et al., Cain et al., 
Chin et al., and Baltes et al. 

Claims 1-6 and 8 stand rejected under 35 U.S.C. §103 as allegedly being obvious over the 
combination of Cook et al, Cain et al, Chin et al., and Baltes et al. The Office has failed to 
establish a prima facie case of obviousness because the references, alone or in combination, fail 
to teach each element of the claimed compositions. In particular, the combined references do not 
teach alkyl esters comprising less than about two percent trans,trans; 8,10 and 11,13 
octadecadienoic acid isomers. 

Regarding Cook et al., the Office alleged the following: 

Cook et al. do not teach expressly the conjugated linoleic acid form further 
comprising the regio isomers 8,10- and an 11,13- octadecadienoic acid 
derivative... However, since the preferred amounts of the regio isomers 8,10- and 
an [sic] 11, 13 -octadecadienoic acid derivative in the claimed invention are limited 
to less than 2 percent, this amount includes zero percent of the regio isomers as 
disclosed by Cook. Thus, Cook' teachings meet this limitation. 

Paper 41, page 3. 

Regarding Cain et al., the Office alleged the following: 
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Cain et al. further teaches a CLA composition made from sunflower oil for food 
additive contains 48.9% of c9, tU, 51.1% of tlO, cl2 linoleic acid or their esters. 
See, particularly, examples 6 at page 16, and example 18 at page 36, and claim 7. 

Paper, pages 3-4. 

hi response to the rejections over Cook et al. and Cain et al., Applicants submitted 
Declarations from Asgeir Saebo (copies attached hereto as Appendix B for the Office's 
convenience) that establishes that the compositions of Cook et al. and the compositions of Cain 
et al. cannot produce alkyl esters comprising less than about two percent trans,trans; 8,10 and 
11,13 octadecadienoic acid isomers. M response to the Saebo Declarations, the Office stated the 
following: 

The declaration fails to establish the fact that the conjugated linoleic acid 
disclosed by Cook or Cain as recited in the prior office action containing more 
than 2% of the isomers identified in the claim herein. Particularly, applicant 
generated data, proffered to obviate prior art teachings, lacks the probative force 
accorded data generated by independent, disinterested parties. It is well settled 
patent law 'that it is not a difficult matter to carry out a process in such a fashion 
that it will not be successful and, therefore, the failures of experimenters who 
have no interest in succeeding should not be accorded great weight' Li re 
Michalek , 74 USPQ 108, at 109 citing Bullard Companv et al v. Coe , 147 F.2d 
568, 64 USPQ 359. 

Paper 34, pages 2-3. Nearly identical arguments are presented in the Answer to the Appellant's 
Appeal Brief at pages 3-5. For the following reasons, Applicants respectfully submit that the 
Office's reliance on this standard is unfounded. 

First, contrary to the Office's assertion and as discussed in more detail below, the Saebo 
Declarations establish that compositions made by the methods of Cook et al. and Cain et al. 
contain more the 2% of the identified isomers. 

Second, Applicants respectfully submit that the Officers "well-settled" case law is not 
settled at all, and, in fact, is not in accordance with proper PTO practice. The decision relied on 
by the Office is more than 50 years old. While this case has not been directly overruled, it is in 
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conflict with current case law and PTO practice. In particular, the Office's failure to accord the 

proper weight to the Saebo Declarations does not conform with proper patent practice according 

the Manual of Patent Examining Procedure (MPEP). The Office must respond to all of the 

arguments and evidence presented by Applicants. The MPEP states that: 

Office personnel should consider all rebuttal arguments and evidence 
presented by applicants. ... In re Beattie, 974 F.2d 1309, 1313, 24 USPQ2d 
1040, 1042-43 (Fed. Cir. 1992). . . . Office personnel should avoid giving 
evidence no weight, except in rare circumstances. Id. See also In re Alton, 76 
F.3d 1168, 1174-75, 37 USPQ2d 1578, 1582-83 (Fed. Cir. 1996). 

* * * 

A determination under 35 U.S.C. 103 should rest on all the evidence and should 
not be influenced by any earlier conclusion. See, e.g., Piasecki, 745 F.2d at 
1472-73, 223 USPQ at 788; In re Eli Lilly & Co., 902 F.2d 943, 945, 14 USPQ2d 
1741, 1743 (Fed. Cir. 1990). Thus, once the applicant has presented rebuttal 
evidence, Office personnel should reconsider any initial obviousness 
determination in view of the entire record. See, e.g., Piasecki, 745 F.2d at 1472, 
223 USPQ at 788; Eli Lilly, 902 F.2d at 945, 14 USPQ2d at 1743.^ 

Additionally, the Courts have held as follows: 

When prima facie obviousness is established and evidence is submitted in rebuttal, the 
decision-maker must start over .... An earlier decision should not ... be considered as 
set in concrete, and applicant's rebuttal evidence then be evaluated only its knockdown 
ability. Analytical fixation on an earlier decision can tend to provide the decision with an 
undeservedly broadened umbrella effect. Prima facie obviousness is a legal conclusion, 
not a fact. Facts established by rebuttal evidence must be evaluated along with the facts 
on which the earlier conclusion was reached, not against the conclusion itself Though 
the tribimal must begin anew, a final finding of obviousness may of course be reached, 
but such finding will rest upon evaluation of all facts in evidence, uninfluenced by any 
earlier conclusion reached . . . upon a different record.^ 

Furthermore: 



I 

2 



MPEP §§2144.08; emphasis added. 

In reRinehart, 531 F.2d 1048, 1052, 189 USPQ 143, 147 (CCPA 1976). 
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If a prima facie case is made in the first instance, and if the appUcant comes forward with 
a reasonable rebuttal, whether buttressed by experiment, prior art references, or 
argument, the entire merits of the matter are to be reweighed. (Emphasis added)^ 

Accordingly, even if the Office had established a prima facie case of obviousness (and 
Applicants contend that the Office did not), the Office must respond to the information presented 
in the Declaration. The above directions of the court and the PTO state that the evidence must 
be considered. These directions do not categorize evidence according to whether it is developed 
by interested or disinterested parties and do not state that evidence developed by the inventor 
may be ignored. The directions specifically state that experimental evidence, such as that 
contained in the Declaration, must be considered. Indeed, the Office must start over and 
reconsider the entire obviousness analysis. 

Any distinction between giving evidence "no weight" or "great weight," based upon the 
teaching of In re Michalek, does not relieve an Office from addressing the cited holdings. 
Indeed, the Office must address the cited holdings of In re Rinehart, 531 F.2d 1048, 1052, 189 
USPQ 143, 147 (CCPA 1976) and In re Hedges, 783 F.2d 1038, 1039, 228 USPQ 685, 686 (Fed. 
Cir. 1986). 

In the Answer to Appellant's Appeal Brief, at page 7, the OfBce asserts that In re Michalek 

does not conflict with current PTO practice. In particular, the Office alleges: 

all the arguments presented by the appUcants, including the evidence submitted with the 
declaration, have been fiiUy considered, but are found not persuasive. The Office has not 
ignored appellant's evidences. All the facts, including appellant's evidences have been fully 
evaluated. When applicants' evidence is not consistent with the teaching fi-om prior art, In 
re Michalek is properly applied. The Office fails to see any conflict between the In re 
Michalek decision and current case law or current PTO practice" (Answer to Appellant's 
Appeal Brief, page 7). 



In re Hedges, 783 F.2d 1038, 1039, 228 USPQ 685, 686 (Fed. Cir. 1986). 
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The Office is not addressing the fact that experimental evidence, such as that provided in the 
Declaration, must be considered and evaluated. In particular, per In re Hedges and In re 
Rinehart, the Office must respond to the information presented in the Declarations in a manner 
indicating that the evidence was considered. The Office's conclusory statements do not indicate 
that evidence provided in the Declarations was properly considered and evaluated. 

Indeed, in the present case, there was no reweighing of the merits by the Office. 
Instead of actually analyzing the Declarations and the factual, experimental data contained 
within them, the Office has summarily dismissed the data with no analysis because it was 
generated by the Applicants. Applicants submit that the results would be the same no matter 
who conducts the experiments. The Office has failed to substantively address the data in the 
Declarations and offer any analysis of why the data is flawed. As explained in detail below. 
In re Michalek is both legally and factually distinguishable. 

1. In re Michalek is Legally Distinguishable 

In their Appeal Brief, the AppUcants established that In re Michalek is a case that is 
limited to its particular facts. In the Answer to Appellant's Appeal Brief, the Office does not 
address the fact that In re Michalek is limited to its particular facts. In re Michalek involved 
claims to a thermoplastic resin comprising polymers or copolymers of one or more nuclear- 
substituted dichlorostyrenes. In re Michalek, 34 C.C.P.A. 1124; 162 F.2d 229; 74 U.S.P.Q. 107 
(1947). The court stated the following with respect to the affidavits submitted in support of 
patentability: 

Several affidavits to sustain appellant's contention were filed. In substance it is stated 
therein that the processes of the Dreisbach patents do not produce monomeric 
dichlorostyrene sufficiently pure to meet the density and index of refi-action recited in the 
claims or to polymerize, although it is not said that the processes of the patents are 
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incapable of producing the nuclear-substituted dichlorostyrenes mentioned therein. The 
board considered the affidavits insufficient to overcome the definite naming in those 
patents of dichlorostyrene and the indication that it is polymerizable. In this connection 
the solicitor in his brief cites In re Von Bramer, 29 CCPA, 1018, 127 FM 149, 53 
UXRQ. 345. 

With respect to the experiments described in the affidavits it must be said that in a patent 
it is to be presumed that a process, if used by one skilled in the art, will produce the 
product alleged by the patentee and such presumption is not overcome by a mere showing 
that it is possible to operate within the disclosure without obtaining the alleged product. 
Skilled workers would as a matter of course, in our opinion, if they do not immediately 
obtain desired results, make certain experiments and adaptations and we agree with the 
argument of the solicitor that it is not a difficult matter to carry out a process in such 
fashion that it will not be successful and, therefore, the failures of experimenters who 
have no interest in succeeding should not be accorded great weight, citing Bullard 
Company etaL v. Coe, 79 U.S. App. B.C. 369, 147F.2d 568, 64 U.S.P.Q. 359. Possibly 
more extensive experiments than were made by the affiants herein might have produced a 
different result. 



It is clear from this discussion that the holding of the court was specific to the facts presented to 
it, and especially to the nature of the data contained in the affidavits. The court emphasizes this 
by stating "more extensive experiments" might have "produced a different result." Thus, In re 
Michalek does not stand for the proposition that all reproductions of prior art data by an 
inventor should be ignored simply because the inventor has no reason to be successful. Instead, 
the court in In re Michalek evaluated the data and found it insufficient. The Office has failed to 
do this in the instant case. As indicated above, the Office has provided no reasoning as to why 
the data submitted is insufficient or incorrect. As described in more detail below, this is 
reversible error. 



2. In re Michalek Is Factually Distinguishable 

In re Michalek is also factually distinguishable. The Office has attempted to ignore the 
evidence provided by Applicants by relying on In re Michalek and characterizing the evidence as 
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a failure. To the contrary, the evidence presented by the Applicants is not a failure to repeat the 
results of Cook et al. and Cain et al. Both Cook et al. and Cain et al. are silent as to the presence 
of the 85 10 and 11,13 isomers. The only way the AppUcants results could be considered to be a 
failure is if Cook et al. and Cain et al. affirmatively stated that the isomers were not present and 
then Applicants failed not to produce the isomers. This is not the present situation. Applicant's 
results supplement the teachings of Cook et al. and Cain et al., and do not contradict them. 

In the Answer to Appellant's Appeal Brief at page 8, the Office admits, "[i]t is noted that 
the Office could not give more detailed analysis to the data presented in the declaration since the 
declaration merely states that appellant has repeated the experiments in Cain et al. It is assumed 
that appellant just simply duplicated an experiment disclosed by Cain et al. In the instant case, 
like in re Michalek, more extensive experiments might have produced a different result." 

The Office is misinterpreting and misapplying In re Michalek, First, the Declarations 
noted in In re Michalek was deemed insufficient because it failed to completely address the 
claimed material. Here, the Declarations provided by the Applicants establish that the methods 
used by Cain et al. and Cook et al could not produce compositions comprising less than 2% 
trans,trans 8,10 and 11,13 octadecadienoic acid isomers. Second, the Office admits that a proper 
evaluation of the evidence contained within the Declarations was not conducted because the 
Declaration merely states that it had conducted repeat experiments. In re Michalek described a 
scenario where a Declaration based upon evidence gathered from insufficient experiments was 
deemed unreliable. Here, as noted by the Office, the Declarations provided by the Applicants are 
based upon repeat experiments of the prior art. As such, no "more extensive" experiments could 
be conducted. Applicants urge that a direct repeat of the experiments is dispositive. Indeed, In 
re Michalek does not indicate that a direct repeat of the experiments was performed, only that the 
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experiments were "within the disclosure." Moreover, the Declarations clearly state which 
experiments were repeated (see, e.g., September 30, 2002 Saebo Declaration at paragraphs 3, 4, 
5, 6) and provides the actual chromatography data from the experiments. Thus, there is no 
reason for the Office to "assume" anything about the data. The data and its import are clear on 
their face. 

In particular, the Applicants followed the exact instructions of both Cook et al. and Cain 

et al and analyzed the product. The Applicants did not fail to obtain CLA. Indeed, they 

obtained CLA with the isomers described by Cook et al. and Cain et al. However, the fact 

remains that the CLA also contained other isomers that are not mentioned by both Cook et al. 

and Cain et al. Cook et al.'s and Cain et al.'s silence conceming the presence of the isomers 

cannot be equated with the absence of the isomers. In particular, neither Cook et al. nor Cain et 

al. specifically define CLA to include non-active CLA isomers. As noted by Mr. Saebo: 

The results of the Cook repeat are generally in agreement with statements made 
by the inventors in Pariza, M.W., Y. Park, and M.E. Cook, "The biologically 
active isomers of conjugated linoleic acid," Progress in Lipids Research 40:283- 
298 (2001). At page 287, in section 2.2, they state: For example, CLA that we 
typically produce for experimental purposes consists of the cis-9,trans-\\ (40.8- 
41.1%), transAQ.cisAl (43.5-44.9%), and trans-9rtrans-\\ltranS'\0'trans-\2 
(4.6-10%) isomers. This provides evidence that the CLA compositions of Cook 
and Pariza contained greater than 1% trans-trans isomers. Furthermore, the 
presence of the trans-trans isomers is indicative of greater than 1% of 11,13 and 
8,10 isomers. 

In response to the presentation of actual experimental evidence, the Office alleged, "[t]he 
Office is not convinced by the assumption that Cain et al. cannot detect the trans trans isomers, 
or simply ignore the presence of the isomers. The evidence provided with the declaration has 
been fiiUy evaluated against the cited reference. Appellant provided his own results contrary to 
the references, making assumption without factual support. The evidences provided by the 
appellant fail to prove that, as a matter of fact, the data reported by Cain et al. or Cook et al. is 
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either incorrect or incomplete" (Answer to Appellant's Appeal Brief, page 7). These allegations 
are conclusory and do not provide any indication that the Office has actually evaluated or 
considered the evidence. Thus, the Applicant's results are not contrary to those reported in Cain 
et al. and Cook et al. The Applicant's results simply supplement Cain et al. and Cook et al. This 
is why Applicants' repeat experiments were necessary. 

Regarding the inability of Cook et al, to detect levels of trans,trans 8,10 and 11,13 
octadecadienoic acid isomers, the Office asserts, "GC method is a well-developed analytical 
method even in 1996. Method for CLA analysis may be further optimized later. However, there 
is no evidence showing GC method in 1996 were crude enough to miss those well-recognized 
CLA isomers" (Answer to Appellant's Appeal Brief, page 8). The Office is missing the point. 
Regardless of the state of technology, the fact remains that Cook et al. could not produce 
compositions comprising less than 2% trans,trans 8,10 and 11,13 octadecadienoic acid isomers. 

Regarding the inability of Cain et al. to detect levels of trans,trans 8,10 and 11,13 
octadecadienoic acid isomers, the Office asserts, "Cain et al. have recognized the existence of the 
trans, trans, 8,10- and 11,13- octadecadienoic isomers, (page 1, lines 15-25). Cain is not silent 
about the isomers identified herein, and therefore is not likely to simply ignore the present of 
those isomers" (Answer to Appellant's Appeal Brief, page 8). The Declarations are not stating 
that Cain et al. does not recognize the existence of trans, trans, 8,10- and 11,13- octadecadienoic 
isomers. Rather, the Declarations establish that Cain et al. could not produce compositions 
comprising less than 2% trans,trans 8,10 and 11,13 octadecadienoic acid isomers. 
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B, The Office Has Committed Reversible Error 

The Office has dismissed the Applicant's arguments and the Saebo Declarations by citing 
In re Michalek and then providing absolutely no other explanation as to why the data contained 
in the Declarations fail to rebut the Office's prima facie case of obviousness. This is reversible 
error under /« re Alton, 76 F.3d 1168, 37 U.S.P.Q.2d 1578 (Fed. Cir. 1996). 

Li In re Alton, the applicants submitted a declaration in order to rebut a prima facie case 

of inadequate written description by the Board of Appeals in an earlier appeal. Id. at 1 1 73. 

histead of addressing the arguments presented in the declaration, the Office dismissed the 

declaration as opinion evidence that was entitled to little weight. Id. at 1 173-745. The Federal 

Circuit remanded the case to the Board, holding that the Board committed error in both viewing 

the declaration as opinion evidence and dismissing the declaration "without an adequate 

explanation of why the declaration failed to rebut the Board's prima facie case" of 

unpatentability. Id. at 1174. These bases for reversal were independent. With respect failure to 

provide an adequate explanation of why the declaration failed to rebut the prima facie case, the 

Federal Circuit found that: 

In sum, the Office dismissed the Wall declaration and provided only conclusory 
statements as to why the declaration did not show that a person skilled in the art would 
realize that Alton had possession of the claimed subject matter in 1983. 

Id. at 11 76. In particular, the Federal Circuit held that the Office failed to address specific points 

made in the declaration concerning modifications of the amino acids sequence of protein. Id. 

In re Alton is directly applicable to the present facts. Instead of addressing the factual 

evidence and arguments presented in the Saebo Declarations and Office Action Responses, the 

Office has dismissed the Declarations with the conclusory reasoning that it is entitled to "little 

weight" because it is a repeat of the prior art by an inventor. Thus, under In re Alton, the Office 
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has failed to meet the standard for replying to evidence presented in the Saebo Declarations. In 
the Answer to Appellant's Appeal Brief, the Office does not address In re Alton and its holding 
of reversible error when a Declaration is not properly considered and evaluated. Accordingly, 
Applicants respectfully request that the Office's rejection be reversed. 

C. The Sugano et al. Reference is Consistent with Applicant's Declaration 

Additionally, other evidence not generated by the Applicants is consistent with the 
Applicants data. No chemical isomerization method has been described in the literature to date 
which does not produce a variety of isomers, Lideed, it is impossible to isomerize linoleic acid 
by the methods described in Cook et al. or Cain et al. without producing other isomers due to the 
process known as thermal sigmatropic rearrangement. This process is described in Chapter 5 of 
the book Advances in Conjugated Linoleic Acid Research, Volume 2, J. Sebedio, W. W. Christie, 
and R. Adolf, Eds., AOCS Press, Champaign, IL, 2002 (Attached hereto as Appendix C) and the 
Declarations attached at Appendix B. Mr. Saebo wrote this chapter. Briefly, the research 
described in this chapter estabhshes,that the formation of the 8,10 and 11,13 isomers is a 
necessary consequence of heating compositions containing the tl0,cl2 and c9,tl 1 isomers. 
Thus, whenever compositions containing tl0,cl2 and c9,tl 1 CLA are heated at temperatures 
such as those used by Cook et al. (i.e., 180**C for 2.5 hours) and Cain et al. (i.e., ISO^^C for about 
2 - 2.5 hours), 8,10 and 11,13 isomers are necessarily produced. Accordingly, it appears that 
both Cook et al. and Cain et al. simply failed to conduct an analysis for the other isomers present 
in the isomerized product since those isomers were necessarily present. 

This conclusion is also supported by reference to Sugano et al.. Lipids 33(5):52 1-527 
(1998)(reference 47 in Form 1449 filed April 10, 2000, copy attached hereto at Appendix D for 
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the Office's convenience). Sugano et al. isomerized linoleic acid conditions similar to those 
described by Cain et al. The conditions utihzed in the three references are compared in 
following Table. 



Cain et al. 


Sugano et al. 


so cr linnlpip apiH QS**/n mirp 


SO (T linnlpir ariH QQ^Vn niirp 


Solvent: 290 grams ethylene 
glycol 


Solvent: 290 grams ethylene 
glycol 


Catalyst: 15 gNaOH 


Catalyst: ISgNaOH 


Reaction time: 2 hours 


Reaction time: 2 hours 


Reaction temperature: 180° C 


Reaction temperature: 180*^ C 


Reaction atmosphere: Inert 


Reaction atmosphere: 
Nitrogen 



As can be seen, the reaction conditions were almost identical. However, the results are not. As 
noted on page 522 of Sugano, the resulting CLA preparation contained the following CLA 
isomers: 29.8% c9,tll/t9,cll; 29.6% tl0,cl2; 1.3%c9,cll; 1.4%cl0,cl2; 18.6% t9,tll/tl0,tl2; 
5.6% linoleic acid; and 13.7% other isomers. In contrast to the simplified analysis presented in 
both Cook et al. and Cain et al., isomerization of CLA results in the production of many different 
isomers, not just the desired c9,tl 1 and tl0,cl2 isomers. 

The Office refixtes the Sugano et al. results, and alleges, "it is noted that appellant thas 
recognized that the procedure in Sugano et al. is merely similar to, but not the same as, that 
disclosed in Cain et al. Many of the conditions have not been fully described, such as the way 
for heating or cooUng, acid used to acidify the reaction mixture, the way to extract the product 
fi-om the reaction mixture, the impurity in the employed materials, etc. all those conditions might 
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have well affected the final product. Having seen the results in Cain et al. and Sugano et al., one 
of ordinary skill in the art would not come to the conclusion that one of the results must be 
incorrect or incomplete, and/or, make a judgment on which data is correct. Further, it is noted 
that example 6 in Cain et al. employs sunflower oil as the source of linoleic acid, which was not 
used by Sugano et al" (Answer to Appellant's Appeal Brief, page 9). 

The Office is missing the point being made by the Sugano et al. and Cain et al 
comparison. Li particular, the Declarations do not state or imply that Sugano et al. and Cain et 
al. involved identical experiments. Rather, the Declarations state that Sugano et al. and Cain et 
al. involved very similar reactions. The Office does not address the fact that Sugano et al. 
indicates that isomerization of CLA results in the production of many different isomers, not just 
the desired c9,tl 1 and tl0,cl2 isomers. 

Lideed, the nearly identical reaction conditions between Cain et al. and Sugano et al. but 
extremely different results negates any argument that no other references beyond Cain et al. 
show that the isomers identified herein would be produced in significant amounts under Cain's 
conditions. The Office's statement that one of skill in the art would not need to come to a 
conclusion as to which of the data in the Cain et al. or Sugano et al. is correct is simply 
incredulous. 

As further support for this fact, the Board's attention is respectfully directed to example 1 
of the instant application. This example compares the effect of varying temperature and reaction 
duration on CLA yield and composition. The important fact to note is that each reaction, 
even at low temperatures (Example 1, Table 1), produced a distribution of the expected 
isomers, not just the oB^ill and tl0,cl2 isomers. Thus, ample evidence supports the 
conclusion that the analysis of Cook et al. and Cain et al. is either incorrect or incomplete. Both 
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Cook et al. and Cain et al. appear to have either not analyzed for the isomers or chosen not to 
present data pertaining to the other isomers in their analysis. This is understandable because at 
the time, the other isomers were not expected to have a biological effect. However, just because 
data on these isomers was not presented does not mean that they are not present. Indeed, the 
evidence establishes that they were necessarily present as a result of the reaction conditions used 
by Cook et al. and Cain et al. Thus, the compositions of Cook et al. and Cain et al. 
necessarily contained levels 8,10; ll,!^; and trans,trans isomers that do not meet the 
claimed levels. As such, the present invention is not obvious in light of Cook et al. and Cain et 
al. 

Accordingly, Applicants respectfully request that this ground of rejection be removed and 
the claims passed to allowance. 
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B. Conclusion 

For the foregoing reasons, it is submitted that the Office's rejection of Claims 1-6 and 8 
was erroneous, and reversal of the rejection is respectfully requested. Appellant requests either 
that the Board render a decision as to the allowability of the claims, or alternatively, that the 
application be remanded for reconsideration by the Office. 



Dated: December 6. 2004 




Medlen & Carroll, llp 
101 Howard St., Ste. 350 
San Francisco, CA 94105 
415-904-6500 
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APPENDIX A 

CLEAN VERSION OF THE ENTIRE SET OF PENDING CLAIMS 

1 . (previously presented) A food product comprising conjugated linoleic acid alkyl esters in 
a biologically active concentration, said alkyl esters comprising less than about two percent 
trans,trans; 8,10 and 11,13 octadecadienoic acid isomers. 

2. (previously presented) The food product of claim 1 wherein the concentration of 
conjugated linoleic acid alkyl esters in said food product is about 0.05 to 3.5 percent by weight. 

3. (previously presented) The food product of claim 1 wherein said conjugated linoleic acid 
alkyl ester is comprised of at least 50 percent up to about 99 percent by weight of 
octadecadienoic acid alkyl ester isomers selected from the group consisting of c9,tl 1- 
octadecadienoic acid alkyl ester and tl0,cl2-octadecadienoic acid alkyl ester. 

4. (previously presented) A conjugated linoleic acid alkyl ester composition for safe use as a 
feed, food ingredient, or food supplement obtained by direct isomerization of an unrefined 
linoleic acid comprising 

a composition of isomers in one part comprising at least 50 percent by weight of ester 
isomers selected from the group consisting of c9,tl 1- octadecadienoic acid alkyl ester and 
tl0,cl2-octadecadienoic acid alkyl ester, and combinations thereof, and 

in a second part comprising less than two percent by aggregate weight of ester isomers 
selected from the group consisting of 8,10-octadecadienoic acid alkyl esters, 11,13- 
octadecadienoic acid alkyl esters, and trans,trans-octadecadienoic acid alkyl esters, and 

in a third part comprising in the range of 0.1 to 0.5 percent phosphatidyl residue 
remaining after isomerization of said unrefined linoleic acid. 

5. (previously presented) The ester composition of claim 4 wherein said c9,tl 1- 
octadecadienoic acid alkyl ester contained in said first composition part constitutes greater than 
60 percent of the total isomers of octadecadienoic acid alkyl esters. 

6. (previously presented) The ester composition of claim 4 wherein said tl0,cl2- 
octadecadienoic acid alkyl ester contained in said first composition part constitutes greater than 
60 percent of the total isomers of octadecadienoic acid alkyl esters. 
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7. (Canceled). 

8. (previously presented) The food product of claim 1 wherein said conjugated linoleic acid 
alkyl esters have an alkyl radical selected from the group consisting of methyl-, ethyl-, propyl-, 
isopropyl-, butyl-, and isobutyl-. 
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APPENDIX B 
Declarations of Asgeir Saebo with attachments 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Asgeir Saebo ei ai 

Serial No.: 09/271,024 Group No.: 1617 

Filed: 03/17/99 Examiner: Wang 

Entitled: CONJUGATED LINOLEIC ACID COMPOSITIONS 



Declaration of Asgeir Saebo 



Assistant Commissioner for Patents 
Washington, D.G 20231 



CERTIFICATE OF MAILING UNDER 37 CF.R § l.S^aKDfiKA) 

1 hereby cenify that this correspondence (along with any referred to as beine attached or enclosed) is, on the date 
shown below, beine deposited with the U.S. Postal Service with sufficient postage as first class mail in an envelope 
addressed to: Assistant Commissioner for Patents. Washington, D.C. 20231. 



Dated: 




I, Asgeir Sasbo, state as follows: 

1 . My present position is Director of Research, Natural AS. 



2. I have reviewed the above captioned patent application, of which I am an inventor, the 
Office Action mailed August 13, 2002, and the Cook, Nilsen and Pariza references cited as prior 
art. 

3. I have conducted repeats of the conjugation methods described in W097/ 18320 to Cain. 

4. In the repeat of Cain, the conjugation conditions were the same as those described in 
Example 6 of WO97/18320. The results of the conjugation reactions were analyzed by GC-MS. 
The results are attached at Tab 1. As can be seen, this conjugation method resulted in a 
conjugated linoleic acid composition comprising approximately 3.49% cl l,tl3 CLA and 2.24% 
t9,tl land tl0,tl2 CLA. The t8,cl0 isomer co-elutes with the c9,tl 1 isomers, but almost always 
occurs in a one to one proportion to the cl l,tl3 isomer. I note that this method is very similar to 
the method utilized in the Sugano reference, which was discussed in my previous Declaration. 
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My work confirms that these methods produce CLA with relatively high levels of undesirable 
isomers. 

5, The Examiner states at page 3 of the Office Action that Cain teaches CLA compositions 
that are composed of 48.9% c9,tl 1 and 51.1% tl0,cl2 CLA, and that the analysis was carried out 
with gas cluomatography and no other isomer of conjugated hnoleic acid is detected. However, 
this does not mean that the other isomers were not present, as was found in my repeat of Cain. 
This discrepancy is explainable by the facts that 1) methods for the analysis of CLA 
compositions in 1996 were rather crude and 2) Cain may have simply chosen not to include non- 
active isomers when reporting their results. Improved methods for detecting the various isomers 
of CLA were not developed until well after the 1995 priority date of Cain. This fact is 
substantiated by Yurawecz et al, (attached at Tab 2), who state "the CLA products analyzed in 
this study were found to contain up to 12 geometric and positional CLA isomers. These findings 
are based on appropriate and improved analytical methodologies [including gas chromatography 
techniques] that have only recently been developed." (Yurawecz, p. 281), Thus, Cain et al. may 
not have conducted an analysis which could detect the isomers in questions. Consideration of 
Example 18 of Cain et al. supports this analysis. The inventors state that their compositions, 
produced by the method of Example 6, contained 63.8%) CLA, of which 48.9%> was the cis 9, 
trans 10 isomer and 51,1%) was the trans 10, cis 12 isomer. This means that the inventors 
provide no analysis of the remaining 36.2%o of their composition. The 8,10; 11,13; and trans- 
trans isomers that are discriminated against in the present invention and detected in my repeat of 
Cain could well have been present in this firaction. 

6. With respect to the Nilsen reference, I note that it does not provide any method of 
producing conjugated linoleic acid having less than 1% 8,10; 1 1,13; and trans-trans isomers. 

7, With respect to the Pariza application, I note that the passages cited by the Examiner 
(column 4, line 50, bridging column 8, line 68) do not teach preparation of CLA in amounts 
suitable for incorporation into acylglycerides. Instead, the HPLC purified isomers are produced 
only for use as chromatography standards. Furthermore, Pariza does not disclose using the 
purified isomers for any other use but as standards. In other words, Pariza does not disclose 
using the purified isomers to prepare acylglycerides or food products, or using a combination of 
(i.e., c9,tl 1 and tl0,cl2) purified isomers in any product. 

8. I further understand that the Examiner has requested evidence of the criticality, or 
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unexpected benefit of CLA compositions containing less than 1% of 8,10; 11,13, and trans-trans 
octadecadienoic acid isomers. I refer the Examiner to the publication attached at Tab 2, 
Yurawecz et al.. Variation in isomer distribution in commercially available conjugated linoleic 
acid, Fett/Lipid 101:277-282 (1999). This study, by researchers at the U.S. Food and Drug 
Administration (U.S-F.D.A.), was "undertaken to determine the content and distnbution of CLA 
isomers in commercially available CLA capsules and liquid products with labels stating to 
contain CLA/' In brief, the authors of the Yurawecz et al publication note that: 

While it has not been established, which isomer(s) is (are) responsible for the 
reported beneficial properties of CLA, it is generally thought that 
anticarcinogenicty is due to rumenic acid [c9,tl 1 octadecadienoic acid]. The 
nutritional and physiological effects, if any, of other CLA isomer(s) in 
commercially available CLA preparations are not know^n. 

(Yurawecz, /?. 280). In an additional reference cited within Yurawecz et ai, (published by 
members of the Yurawecz group) it was found that the 1 1 cis, 13 trans-\?>\2 isomer was found to 
was found to accumulate preferentially in heart phospholipids and specifically in heart and liver 
diphosphatidylglycerol (DPG) of pigs feed commercial CLA mixtures. Yurawecz et aL note that 
in response to their "findings that 1 1 cis, 13 trans-\S:2 was selectively incorporated into DPG . . . 
, a major supplier of commercial CLA preparations recently modified [their production] process 
to eliminate the 1 1 c/5, 13 trans-lS:2 isomer." (Yurawecz, p. 281). Thus, it is desirable to 
control the amounts of CLA isomers of unknown function in CLA compositions, 

9. This conclusion is also supported by Adlof et al.. Changes in Conjugated Linoleic Acid 
Composition Within Samples Obtained from a Single Source, Lipids 36(3):315-17 (2001), 
attached hereto at Tab 3. At page 315, the authors state: 

If indeed certain daily levels of CLA intake are required to produce suggested health 
benefits in humans, changes in concentrations of specific CLA isomers could 
significantly impact these effects. Care must be taken to analyze the CLA used in human 
and animal studies. 

10. I further declare that all statement made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under section 1001 of title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Asgeir Sasbo et ai 

Serial No.: 09/132,593 Group No.: 1615 

Filed: 08/11/98 Examiner: Wang 

Entitled: CONJUGATED LINOLEIC ACID ALKYLESTERS IN FEED 

STUFFS AND FOOD 

Declaration of Asgeir Saebo 

Commissioner for Patents 
Washington, D.C. 20231 



CERTIFICATE OF MAILING UNDER 37 C.F.R- § l^faXlKiXA) 

I hereby certify that this correspondence (along with any referred to as being attached or enclosed) is, on the date 
shown below, being deposited with the U.S. Postal Service with sufficient postage as first class mail in an envelope 
addressed to: Assistant Commissioner for Patents, Washington, D.C. 20231. 



Dated: 




I, Asgeir Saebo, state as follows: 

1 . My present position is Director of Research, Natural AS . 

2. I have reviewed the above captioned patent application, of which I am an inventor, the 
Office Action mailed April 10, 2002, and the Cook, Baltes, Cain and Chin references cited as 
prior art. 

3. I have conducted repeats of the conjugation methods described in U.S. Pat. No. 5,554,646 
to Cook and WO97/18320 to Cain. 

4. hi the repeat of Cook, the conjugation conditions were the same as those described in 
Column 2 of U.S. Pat. No. 5,554,646. The results of the conjugation reactions were analyzed by 
GC-MS. The results are attached at Tab 1. As can be seen, this conjugation method resulted in 
in a conjugated linoleic acid composition comprising approximately 1.58% cl l,tl3 CLA and 
2.34% t9,tl land tl0,tl2 CLA. The t8,clO isomer co-elutes with the c9,tl 1 isomers, but ahnost 
always occurs in a one to one proportion to the cl l,tl3 isomer. 
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5. The results of the Cook repeat are generally in agreement with statements made by the 
inventors in Pariza, M.W., Y. Park, and M. E. Cook, "The biologically active isomers of 
conjugated linoleic acid," Progress in Lipids Research 40:283-298 (2001). At page 287, in 
section 2.2, they state: 

For example, CLA that we typically produce for experimental purposes consists of the 
cis-9,trans'\ \ (40.8-41.1%), trans-lO^cisAl (43.5-44.9%), and trans-9r trans- Wtrans- 
l0-trans-l2 (4.6-10%) isomers. 
This provides evidence that the CLA compositions of Cook and Pariza contained greater than 1% 
trans-trans isomers. Furthermore, the presence of the trans-trans isomers is indicative of greater 
than 1% of 1 1,13 and 8,10 isomers. 

6. In the repeat of Cain, the conjugation conditions were the same as those described in 
Example 6 of WO97/18320. The results of the conjugation reactions were analyzed by GC-MS. 
The results are attached at Tab 2. As can be seen, this conjugation method resulted in a 
conjugated linoleic acid composition comprising approximately 3.49% cl l,tl3 CLA and 2.24% 
t9,tl land tl0,tl2 CLA. The t8,clO isomer co-elutes with the c9,tl 1 isomers, but ahnost always 
occurs in a one to one proportion to the cl l,tl3 isomer. I note that this method is very similar to 
the method utiUzed in the Sugano reference, which was discussed in my previous Declaration. 
My work confirms that these methods produce CLA with relatively highj levels of undesirable 
isomers. 

7. The Examiner states at page 7 and 8 of the Office Action that Cain teaches CLA 
compositions that are composed of 48.9% c9,tl 1 and 51.1% tl0,cl2 CLA, and that the analysis 
was carried out with gas chromatography and no other isomer of conjugated linoleic acid is 
detected. However, this does not mean that the other isomers were not present, as was found in 
my repeat of Cain. This discrepancy is explainable by the facts that 1) methods for the analysis 
of CLA compositions in 1996 were rather crude and 2) Cain may have simply chosen not to 
include non-active isomers when reporting their results. Improved methods for detecting the 
various isomers of CLA were not developed until well after the 1995 priority date of Cain. This 
fact is substantiated by Yurawecz et aL (attached at Tab 3), who state "the CLA products 
analyzed in this study were found to contain up to 12 geometric and positional CLA isomers. 
These findings are based on appropriate and improved analytical methodologies [including gas 
chromatography techniques] that have only recently been developed." (Yurawecz,/?. 281). Thus, 
Cain et al. may not have conducted an anlysis which could detect the isomers in questions. 
Consideration of Example 18 of Cain et al. supports this analysis. The inventors state that their 
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compositions, produced by the method of Example 6, contained 63.8% CLA, of which 48.9% 
was the cis 9, trans 10 isomer and 51.1% was the trans 10, cis 12 isomer. This means that the 
inventors provide no analysis of the remaining 36.2% of their composition. The 8,10; 11,13; and 
trans-trans isomers that are discriminated against in the present invention and detected in my 
repeat of Cain could well have been present in this fraction. 

8. I further understand that the Examiner has requested evidence of the criticality, or 
unexpected benefit of CLA compositions containing less than 2% of 8,10; 11,13, and trans-trans 
octadecadienoic acid isomers. I refer the Examiner to the publication attached at Tab 3, 
Yurawecz et al., Variation in isomer distribution in commercially available conjugated linoleic 
acid, Fett/Lipid 101:277-282 (1999). This study, by researchers at the U.S. Food and Drug 
Administration (U.S.F.D.A.), was "undertaken to determine the content and distribution of CLA 
isomers in commercially available CLA capsules and liquid products with labels stating to 
contain CLA." In brief, the authors of the Yurawecz et al publication note that: 

While it has not been established, which isomer(s) is (are) responsible for the 
reported beneficial properties of CLA, it is generally thought that 
anticarcinogenicty is due to rumenic acid [c9,tl 1 octadecadienoic acid]. The 
nutritional and physiological effects, if any, of other CLA isomer(s) in 
commercially available CLA preparations are not known. 

(Yurawecz,/?. 280). Li an additional reference cited within Yurawecz et al., (published by 
members of the Yurawecz group) it was foimd that the II cis, 13 transAS:! isomer was foimd to 
was found to accumulate preferentially in heart phospholipids and specifically in heart and liver 
diphosphatidylglycerol (DPG) of pigs feed commercial CLA mixtures. Yurawecz et al. note that 
in response to their "findings that 1 1 cis, 13 trans-lS:! was selectively incorporated into DPG . . . 
, a major supplier of commercial CLA preparations recently modified [their production] process 
to eliminate the 1 1 cis, 13 trans-lS:2 isomer." (Yurawecz,/?. 281). Thus, it is desirable to 
control the amounts of CLA isomers of unknown fimction in CLA compositions. 

9. This conclusion is also supported by Adlof et al.. Changes in Conjugated Linoleic Acid 
Composition Within Samples Obtained firom a Single Source, Lipids 36(3):315-17 (2001), 
attached hereto at Tab 4. At page 3 1 5, the authors state: 

If indeed certain daily levels of CLA intake are required to produce suggested health 
benefits in humans, changes in concentrations of specific CLA isomers could 
significantly impact these effects. Care must be taken to analyze the CLA used in human 
and animal studies. 
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1 0. I further declare that all statement made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fme or imprisonment, or both, under section 1001 of title 18 of the United States 
Code, and that such willftil felse statements may jeopardize the validity of the application or any 
patent issued thereon. 




Asgeir Sasbo 
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Method TiDCVc of IxyccttOBi: 15.11.01 15:54:20 

scan Time : 35.11 min End Time :90.03 mm Low Point : 3.70 mV High Point : 79.77 mV 

Plot Offsci: 3.70 mV Plot Scale: 76.1 mV 
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Software Version : 6.1.2.0.1:D19 

Sample Name : 6645:A01346, CLA FFA, B 025/34 

Instrument Name : GC 

Rack/Vial : 0/1 

Sample Amount : 1.000000 

Cycle : 1 

Date : 16.11.01 10:29:05 

Data Acquisition Time : 15.11.0115:54:20 

Channel : B 

Operator : OperatOT 

Dilution Factor : 1 000000 



Result File : D:\TCWS Data\data\Data 100B\100e990.rst 
Sequence File : D:\TCWS Data\sekvenser\100E.20. 10.00. .seq 



FATTY ACID PROFILE REPORT 



PERKIN ELMER AUTOSYSTEM XL GC 

Column: WCOT FUSED SIUCA 100 m x 0.25 mm COATING CP-SIL 88 DF« 0.2 Chrompack 
cat.no: 7489 

Carrier Gas: He, 30.0 PSI 
Method: lOOE.mth 

Temp: 80 C (2 min)->45 C/ min-> 130 C (0 min)-> 1 CI min-> 220 C (10 min) 
Injection: Splitless, 240 C 
Detector: FID, 280 C 



Peak 


Time 


Component 


Area 


Area 


Height 


# 


[min] 


Name 


[%] 


l/^V-s] 




1 


38.515 




0.09 


2240.70 


289.83 


4 


49.483 


C16:0 


6.41 


165319.20 


19173.70 


5 


53.229 




0.08 


2103.22 


225.47 


7 


61.163 


C18:0 


2.66 


68542.43 


7691.48 


9 


64.509 


C18:l c9 


12.74 


328361.33 


32287.86 


10 


64.984 




0.67 


17379.46 


2043.14 


11 


65.416 




0.04 


1072.35 


124.54 


12 


67.069 




0-32 


8202.39 


896.28 


13 


67.747 




0.30 


7679.15 


865.45 


15 


68.560 




0.30 


7795.39 


852.42 


16 


69.120 




0.29 


7526.09 


835.25 


17 


69.680 


C18:2c9,cl2 


0.34 


8668.83 


903.73 


18 


72.917 


0,36 


9200.84 


981.82 


19 


76.131 




0.17 


4277.85 


514.27 


20 


77.099 


CLAc9,tll 


34.16 


880864.80 


70319.32 


21 


77.288 


. , , 0-24 


6213.92 


234.34 


22 


77.704 


CLAC 


M.-tr(S 1.58 


40803.24 


5407.69 


23 


78.045 


CLA tl0,cl2 


33.54 


864675.26 


72871.17 


24 


78.384 


CLA c9,cll 


1.15 


29552.24 


3582.74 


25 


78.605 


CLA cl0,cl2 


1.36 


35038.09 


3344.41 


26 


78.757 


0.41 


10511.86 


1445.22 


27 


79.627 




0.06 


1626.11 


240.27 


28 


79.851 


CLA t,t 9,11 + 


10,12 2.34 


60437.73 


6462.11 


29 
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0.04 
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115.02 


30 


84.131 




0.23 


6040.92 


748.16 


31 


87.141 




0.12 


3122.78 


358.28 








100.00 


2578384.48 


232813.97 



16.11.01 10:29:05 Result: D:\T(! *iS Data\data\Data 100E\l00e990.rst 

Missing Component Report 

Component Expected Retention (Calibration File) 

All components were found 



Analyzed by: Natural ASA, Hovdebygda 



Approved by: 
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Sample Name : 6659: A01348» 024/96-1, CLA PPA ■ ' ^ Sample OOl . . Page 1 of 1 

FUeNamc : D:\TCW$ Pata\data\0ata JOOE lOOO-l?^.. vlOOclOOI-raw 
Date ; 1911.01 11:48:38 

Method Timcofltycctton: 19- U-Ol 09:08:32 

Start Time : 35.53 min End Time : 89.83 min Low Point : 2.75 mV High Point : 59 51 mV 

Plot Offset: 2.75 mV Plot Scale: 56.8 mV 
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Software Version : 6.1-2.0.1:D19 

Sample Name : 6659: A01348, 024/96-1, CLA FFA 

Instrument Name : GC 

Rack/ Vial : 0/1 

Sample Amount : 1.000000 

Cycle 1 

Date : 19.11.01 11:48:37 

Data Acquisition Time : 19. U .01 09:08:32 

Chaimel : B 

Operator : Operate 

Dilution Factor : 1. 000000 



Result File : D:\TCWS Data\(lata\Data lOOE 1000-1999\100el001.rst 
Sequence File ; D:\TCWS Data\sekvenser\100E.20. 10.00.. seq 



FATTY ACID PROFILE REPORT 



PERKIN ELMER AUTOSYSTEM XL GC 

Column: WCOT FUSED SIUCA 100 m x 0.25 mm COATING CP-SIL 88 DF= 0.2 Chrompack 
cat.no: 7489 

Carrier Gas: He, 30.0 PSI 
Method; lOOE.mth 

Temp: 80 C (2 min)->45 CI min- > 130 C (0 min)- > 1 CI min-> 220 C (10 min) 
Injection: Splitless, 240 C 
Detector: FID, 280 C 



Peak Time 
# [min] 



Component 
Name 



1 

2 
3 
4 
5 
6 
7 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 



47.557 
49.507 
53.277 
59.139 
64.461 
65.035 
67.125 
67.795 
68.621 
69.176 
69.744 
77.128 
77.371 
77.752 
78.067 
78.437 
78.664 
78.808 
79.693 
79.909 



C16:0 



C18:l c9 



C18:2c9,cl2 , 
CLAcP.tll-ffSrC/o 

CLA C/I.f /5 

CLA tl0,cl2 
CLAc9,cll 
CLA cl0,cl2 



CLAt,t 9,11 + 10,12 



Area 


Area 


Height 


[%] 


[/xV-s] 


[mV] 


0.14 


2040.57 


221.66 


0.12 


1770.08 


234.26 


0.07 


1043.10 


118.41 


0.07 


1079.52 


131.55 


4.84 


72109.91 


8053.81 


0.23 


3435.33 


396.61 


0.25 


3718.15 


401.86 


0.28 


4195.57 


459.60 


0.31 


4688.64 


520.82 


0.33 


4880.16 


532.98 


0.53 


7977.36 


868.60 


42.84 


638739.60 


52812.75 


0.28 


4120.52 


216.07 


3.49 


51987.22 


6233.41 


40.35 


601682.23 


54289.00 


1.36 


20327.77 


2373.19 


1.61 


24007.50 


2280.68 


0.58 


8661.37 


1107.38 


0.08 


1265.48 


173.63 


2.24 


33420.59 


3512:11 


100.00 


1491150.67 


134938.38 



Missing Component Report 

Component Expected Retention (Calibration File) 



C18:0 



0.001 



19.11.01 11:48:37 Result: D:\T* /S Data\data\Data lOOE 
1000-1999\100el001.rst 



Analyzed by: Natural ASA, Hovdebygda 



Approved by: 



PATENT 

Attorney Docket No. CONLINCO-03586 
APPENDIX C 

Chapter 5 of the book Advances in Conjugated Linoleic Acid Research, Volume 2, J. 
Sebedio, W.W. Christie, and R. Adolf, Eds., AOCS Press, Champaign, IL, 2002 
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Volume 2 
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Commercial Synthesis of Conjugated Linoleatc 

Asgeir Safbtf 

Ni^nirni A.SA, huluGlt ivoicn, 6160 Hovdfr^byfMia, Norwijy 



Introduction 

Conjugated linoleic acid (CLA) hns been availahlc as a lieaUh food supplenienf in 
soli «;e]atine capsules since 1995 in the Uniied States, aud nioie recently in several 
iiuropean coimtries and .lapan, CLA prodiic45 designed for f(K)d and atuinal feed 
additives are expected 10 appe^ii' on the market in the near future. CLA has been 
produced for^ecades for technical puryK)Ses aad coiuinnes to be iiseti as a subsii- 
luie for Chinese tung oil in the paint and varnish industry due to its "drying" chai- 
acterislies. The pn)duclion metliods developed lor teehnieal CLA products were 
rapidly niodifie^l aud improvefl upon alter the discovery of the b,ioh>i;ieal activity 
of the substance. This ehapter will focus on supple tnents in particular, including 
current production nicthods, stability, and break duwn pniducts. Pudfied isomers 
are euiTcnlly available only for research purf)Oses;, but a few reference's to methods 
available for puritlc;ition will he given. 

CLA for Technical Applications 

Dehydration of Ricinohk: Acid 

Several decades ago. only two natural oils (tiuig oil and oiticicn) were kntjwn to 
etjntain conjn gated double bonds. Oils tliat contain these b<)nds rapidly form a 
polyiner tilni ("drying") if a thin layer is exposed to air; tung oil was widely used 
in the paint and vainish indnstry. An increasing demand for such oi.ls and limited 
availability encoura^;ed etTort>; to produce di7ing oils from nonconjugatcd oils. 

The main eonstituent (jf Ca<;tor bean oil is rieiiiolcie acid ( 1 2-hydKJxy-9-octade- 
ceroic aeid). Arourid 1937, dehydrated castor oil ay)p)earcd on the market in the 
United States as a stibstihite for tung oil. Ten years later tiie product was cstablislicd 
as one of the mast |^)pular drying oils (1 ). It has be^n known since I KXS that castor oil 
could be tlchydratcd, and since 1914 it was known that the main isoniei^s of linoleic 
acid rorrried had double bonds at positions 9,1 1 and 9,12» but tlie detailed a.impositioTj 
of dehydrated ricinoleic acid wa.s not investignte^d until recently. A (Tcmian patent 
from 1930 (2) and a U.S. patent from 1934 (3) describe the prepanjtioti of dehydrate-d 
castor hciiu oils. A modified procedure was recently used to pnxluce, an 83% pure 9 
ri\\ \ ]'lnins CLA cx?ncentAHte from purified ricinoleic acid (4). Main impurities were 
the O-cr/J, I l-t:rj nn<l 9-ri.\% 1 2-tr£i/i.v-(K:ladec«dienoic acids. C<inventional dehydration 
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using high tempcranires will create other isomers, niainly H-t7'a/is,i0-cix and iroris, 
iranx isomers. CLA Irom dehydraicd castor oil is not available on the maikcl in sup- 
pleineiu ftxi-m. Apait (nnn s;iteTy i,ss;ucs, the i-e^son is the nbsejice of^ \0-fraris,M-ci\ 
CT A, the Lsorricr showa to inhibit fat synthesis (5), 

Alkali fsomerization of Linolcic Acid Oils 

AttenipLs n> produce drying oil ffoin noncoiijugalcd diIs were suec-cssfijl iii ilic (ale 
1930s as well as tor oils coiilaininfi methylcne-imerioipted Iktty acid;i. In 1941, a U.S. 
patent was issuer! thai: de.scribc.s the ii.se of monohydrtc and polyhydric alcohols a<; .sol- 
vents; and a vndety of alkaline catalysis (6). A few years later, two palr^nts wei'C issued 
tliat desciibed the use of wafer (7) and steam (8), respcetivcly. as solvent in aji auto- 
clave ro acliievc the temperatures nece-ssfuy i<i eonjugaie unsaturated acids. It is actual- 
ly the s():ip That is conjugated. Upun addition i)f mineral acid, the conjugated free tatty 
acids are liberated. Currently, CLA is pnwhice^j for technical purposes in higli alkftlinc 
water at -I'MYX:. Feexlstoek is usually rn;c fatly acids- (alter fat splitting to rerx5ver 
glyccrcil). The pioduet is usually distiUexl to yield a viilually colorlcs.s oil. 

Production of CLA for Animal and Human Consumption 
Alkaline Water Isomerization 

The first producis to appear on the health food market contained -65% Cl.A, and 
die profile of the CLA is<^mers was similar to technieal-Rrade products, Chiistie rt 
al (9), showed that the main isomers of <T.A in addition to S-ciaM-trans and 10- 
fm/K. ( 2-m were an 8,10 and an 11,13 isomcT dsJrarn- or rrans.cis: These were 
later identified as ^^-trcwsJ.O-cis and I [-asS}-tram (10), Such products arc still 
available as supplements, and most if not all are produced from linolca!jt:-rich star t- 
ing materials in high-alkaline water reactions at temperatures >230"C. Wc investi- 
gated reaction paiatucicrs in water alkaline (KC)H or NaOII catalyst.) reacdons try- 
ing to avoid formation ol 1 \-cfsA3-/rcmx :ind B-fransJiUris. It mrncd out not to tx: 
p<>ssible to achieve a nearly quantitative isomerization and at the same time avoid 
forrnation of the <iriid ison^ers (daUi not published). 

lanmerization in Propylene Glycol 

Quantitative isonicri/jitjon of oils containing polyunsaturated fatty acids in mono- 
hydric and polyhydric alcohols was de.scribed in 1941 (6). A detailed procedure 
using etliylenc glycol is described in a patent from 1096 (II). Ethylene glycol has 
nor been used commercially lor production of CLA for consumer safety reasons. 
Pro])ylcne /glycol hiis therefore been selected! by several producers who indej)en- 
dently developed propnctary procedures (12.13). KOH wa.s selected as catalyst 
because of its high soliihiLiiy ci>mpare<l Willi NaOH. Reaction temperatures arc typ- 
ically 1.10 -ISO^'C, and times of reaction are from 3 to >24 h. The quantity of KOH 
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j^: .substantial and in excess of thai ae^dexl for quatuitative saponification. After the 
reaction is coiiiplete, the mixture is coolctl down and water and luiaeral acid 
(hydrochloric or sulfuric) arc added. TVee faity acids of C1>A are liberated ;js soon 
as the mixture bceoTues acidic. One patent descril^es the use of hexanc at Uiis point 
It) extract CLA and facilitate separation Irom the bottom iiqueous layer without, 
emulsion problems. However, the operation is possible without the use of hexane. 
F<ir the sake ol recovery of propylene glycol, fre^ fatty aci{Ls arc preferred as feed- 
stcxk oil. A triacylglycerol feedstock will create glycerol to coniainiuate the propy- 
lene ftlyco). After water and solvent (hexane if used) have been rem<ivcd unticr 
vacuum, the CLA priKiuct is preferably pur'tfied by dendori/aiion and distillation. 
Peroxides and vojatiles are easily rcmovetl by deodori/.atiou. the peroxides are 
broken down to sex:ondary volatile products that are removed in the process. 

The purilieation process should also include a molecuhn- distillation step to 
rcirK»ve nonvolatile compounds such as polymers, sterols, and propylene glycol 
esters. Heavy metals could also arise from the i.somerization process if minera] 
acids are used in stainless stcel reaCtOrS (14). Theij' concentr;itions arc reduced 
upon molecular distillation as well. A distilled pnwlucl is almost colorless and has 
an acid value of ^200 (mg K()H/g). A no n distilled product might have an acid 
value of -190, be yellow to slightly brown in cxjior and have an opaque appear- 
ajicc. However, wc have observe-d a sU;:ht decrciisc in acid value in capsules over 
time and also a darkening of the oil if the capsule material is colore-d. Due to the 
stvonc; alkaline process, free fatty acids are the final product regardless of ihe fomt 
of recdsliK;k (free fatty acid, a aionoalkyl ester, or a friaeyl glycerol oil). Therciore. 
CLA ia supplements are offered almost exclusively as free acids, in contrast to n-3 
conc^jitrates that are offered cithier as etiiyl esters or reesteiified triacyljzlycerols. 

lsomenz3iion of Mono-AlkyI Esters Usin^ Alkali Metal Alcohohfes 

RceenlJy, a proprietary Tnethod has been developed that quantiiatiVely isomen/es 
Tuethyl esters and ethyl esters of llnoleic acid usiuR vei^ low quaniit.ies of caiaiysLs aiid 
vii'tually no solvents (data not published). Because of the quantity of catalyst (-2^;oj. 
only a small fraction of the ester is sa^xHiilled atid hence appears as free fart}' acid alicr 
julthtion of a neutrali/.ing agent. Most of the product (>92%) is still in the ionn of the 
methyl Ol' ethyl ester after the isomeri/^ltion pr(x;ess. Tlic reaction proceeds ai tenipera- 
mie-s down to below 100°C, and the ('LA product is characterized by very low levels 
of CLA isomers pn xluced hy thermal 1 1,51 signiaU'opic rearrangemenis (see belowl. 

Thermal f1,5] Si^matropic Rcarrangemenf}; of CLA Isomers 

Production of CLA in propylene j:;lycol or other alcohol under mild conditions 
gives rise to <0.5% each of the isomers ]] cu\\M\- trans and >s~lran\A{)-cis. After 
purilieation of single isoriiers, we showed dial upon heating to 220"C in an inerl 
atmosphere, \()-iranSyl2-ciy gives rise to i i-cisA^-rraii^ (Fig. 51). lJp<»n heating an 
ll-cii\13-irans concentrate, \()-rrnns,\2~ris was pnxluecd. Under optimal condi- 



lions, an equilibrium is esiabHshe<i between (bese isomers, and only tuinor quaiiti- 
lics ol cisxis and news j runs isomers me formcKl. The isorficr shifr is Actually ;\ 
thermal (1.5] sigiimiropic reniTaiigcmejit, (I'ig. 5.2) nllowed accordiug to the 
orbital symiriciTy theory (WtKidwai'd-HolTniami). For this si;;inmropic renrrnnge- 
rncnt: to occur, it is essential that one of the bonds be hi Ibc r/.^-coiifiguration. A 
shnilar rearrangement is obsei-ved lor rhe isomers ^-cUSi-inms and %- trans, MVcis 
The phenomenon is actually a tool Ibr cheiiiists to produce new isomers. Any 
given CXA isomer that contams one double bond in the con fjgii rati* m and one 
in the rrr/m-coiirigunitjon ca/i be heated to be isonierized into another specific 
cisjransoy uwi^xts isomer. Isomers Ibnned iDigtit be predicted from formulae as 
in Fig. 5.2. A simple rule ol thumb is tfiat the two double bonds will move agamst 
the CIS end of the bond paiis. 1-ur example, 7 tmns,9-ds (a common isoincr in milk 
fat) will i.someiizc to X-r/5, I0-/raw.v and vice vcrxa. Prolonged healinj; of isorners 
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Fig. 5.1. chfoinafogr.ipby (CO profile of etfiyl efitor of punTied M).rmn$/{2-ds 

r.LA isomer (a) before and (b) alter hciiing to 220"C; In an inert atmo.<;phore lor 2 h. 
t he process caused isotncri^aVion into the isomer I l-o/s/l by thornial [1,.S] sip- 

ouUrOfjic hydrogen shift. GC ronditiorib: U)()-m CP Sil 88 fused silica capillary col- 
umn and fIrTmc ionizc^tion detection (FID). 



isomer Prof He in Avaii, 

Tlie total contenr of CK " 
Sunflower oil as a starnn^ 
up to H()%. Both oils coo 
below nK>m lempeianue. 
e(l acids aiid >S< T/r ( :i ,;\ . 
prtHliJcf" nnd the **2-is<.>n 
exclusively ^-0/5.1 i-frons 
50% of llie CLA. The Inn 
gas ehromatograpliy (GC 
CO-clutc with 9-ciS,il-lr< 
niajor Iram Jrcms peyk f9 
pnxlucts may contain as li 
?,-(rcav{Ai)-ds can be est 
Bodi ait; pn>duee(i to rhe 
the ratio of 1 \ -(:isA?s'itr. 
trans A{]-ris to the co-eluii 
Products from a single Sd 
met profile (15k and pro 
data. Table 5.1 ) or tol£illy 
Jaiuifiry-March 2002 by o 
trans and i^- trans M) -as O 



Stability and Breakt 

Stability of CLA Camp;. 

A few studies report d<ir 
different test models. Bl 



( ,f>mnierciill Synf «: ot CL A 



:rs, ;ind only niiiior quanti - 
: isomer sliill is aclually a 
allowed according lo the 
his sigriiatropic rearrange.- 
in the i M-conf iguvalion. A 
I \-nwis and S-transJi) cis 
rOiiucc new isomers. Any, 
c'M-coiifiguiaiiun and one 
•i/.e-d into another spccil'ic 
predicted IVoiii torauitae as 
le bonds will move n gainst 
{li counnoi) isomer in milk 
ttonijal he ;j fins; of isomers 



U)/,12( 




I \iU:A2c 

11 /.1 3/ 

•r of purified M)-Jrrin$/\2-cis 
an invxr nrmosphere lor 2 h. 
l.S-nvin:; by tlierrnal sig- 
^0 Uised silica r./ipillaty cul- 



12 




R1 




Kig, 5.2. Drawing explaining liiermaJ ll,5J sigftiatropic rcarranj^enienf hciw^en tUo. C\ A 
isomers 10-fra;7.<;, 1 ;>-c/5 and ^^-r.h,\^-lnin^>. Reaction iy ^xjnt^incnus and the rrnn<;iliun 
stale depicted in ifie middle 1$ not an intermediate pmdnci. (CH ,), c^nd R - 



seems To grathially deveh)p risxis and transdranM isomers, Impurilics preseni 
(iron, copper and otJ^er metals) will greatly favor rVmmtion uirmnsjnmy isomers. 

isomer Profile in Avaihbic Supplements 

Tlie total content ol d A in supplements more or less reflects the starrmg inaicnal. 
Sunflower oil as a starting mjilerixil results in -05% CLA, where-as saJHower oil vieldN 
up to 80%. Uolh oils contain a level of paJrrntic acid tliat lends fo cause firceipiration 
below room. Temix;rature. Pmducb^ are now available with a reduced content of satur.rt- 
cd acids :ind >80% CLA. The products can Ixi classilled in two groups, fhe •"4-isorncr 
product" and the "2-isonicr product" (i'ig. 5.3), The latter product contains almost 
exclasively 9-cis,\\-traJU and \i)-tramM-<Ls, tx)(h np to -38% ot the oil. or almost 
50% of the CT A. Ulie Idnner, however, contains sevcTal isojiiers. llic chition order (m 
gas chromatography (GC) oflhe 4 main peaks is %cisA\ tram: %-UansM)-ds (mav 
co-eluti: with '^)'CisM^trans)\\ \ cuS^i-irwus; and {QHrafu\\2 cis (9). in addicifin a 
major trans jmn^ peak (9,1 1 and 10,12 co-eluiiiig) often lynches the sarne level. Such 
prodvicis may cf^itain as little a.s Z% UUrans^ \2-cis. Despite co-elution, the couteni ol 
i^-tramdO-cis can be estimated approximalcly by measurement of U-cisA^-mms. 
Both arc produced to (he same degree from tlieir mother componenf."s. In Oliver words, 
the ratio oi W-cisX^-trans to W-cisA^-rrafn + 10 rransSl-cis equals that of K- 
transAQ-cis to (he co-ekuing peak 8-/r«mJ O-w 9-c7.vJ i -rrans (data not pubhshed) 
Products tiom a single soiU\:e have been iTe-pOited to show substantial variation in iso- 
mer pn)lilc (15). and products also arc available thut contains viituaUy no (present 
dai:;j. Table 5.1 ) or totally lack CTA (10). Two of 17 prtKluet.s sampled and aixalyzed in 
January-Mai'ch 2(K)2by our laboratx.ny coniamcd liigh levels of the isomers I l-c/5.13- 
tnuxs an<l \<-inm.sM) cU (Table 5.1). 

Stability and Breakdown Products of CLA Preparations 
Stability of CLA Compared with Linoleic Acid 

A few smdies repon data on the stability of CLA compared whh hnoleic acid in 
different test models. Bubbling of oxygen ihr(Mi;;li samples at 90V. resulted iii a 
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Fij;. P.ulial gdb chrom^irography (GO profile of cihyl osterb ol .1 "2 isonier 

tyfjf'' aficf Cb) a "4 isomer iy()e" CLA supplcrr^cni, using a 100 -m Cf Sil ^« fused silica 
cnptli.iry column ^nd llarne ionizntion drt(Xliun (FID). Product (ri) is identical to prod- 
uct No. 14 ^iid product (I)) is idcnUcal to No. 17 in Inhlc 5,1. Note co elution of /.l- 
iCMiti, 1 0-c /5 and c:is. 1 1 -r/vi/v*;. 

vnuch hif^her peroxide value (PV) iu linolcic acid (16) than for CLA. When :i n\ix- 
Uirc ol" (ILA isomers was lieAtcd to -S(rC iu air, the rate ol oxidation was consider- 
ably faster for c;L-A than for linoJeic acid. Tlie, rate of oxidation was me^isnred as 
**remaining CLA" by OC When couiparing groups of" CL.A isotncrN, stability 
decreased in orcler of ttansjratus > cis, Trans or lnin,s\cL\ > ri\,ris, (17). Ill a study 
in aqueous and solvent systems measuring stability by the induction period system* 



F'r<)(ii;c.r 


PtiuJiicf 1\'p^ 


1 


bod l^<:li-}lifiH ( .-ip 


2 


Liquid 




boh Ccl jlini: <:Hf * 


4 


^on (Tclatirio t .ip 


5 


Son J^otatinc 


6 


S^'ift (2€*;.:uifK' Cdi) 




Sdff. ^elatino cop 


y\ 


Son HeLiune caij 


'j 


Soi't >-;e!.^!jne cap 


1(1 


S< ifr ^^ninrine cap 


1 1 




: J 


Soil }.M il.^tinM f .ip' 


1 .1 


SofI i^tHH^in*-* (^■^p• 


14 


Soil ui.'i^^li"*' f 


IS 


Liquid, i.rnulsKin 


16 


bofi golaliiK- (..^1 J- 


17 





uct3 v\'Rift or Km; 4 i«;ump.r ' rv'Of- 

( <x 1 1 - frans I r.ol l;Wni!.'(<xl ;.iu<; i 
rran<, I l-ds m iop&len-'enr^. <■.».- 
ny, K(.)l |/^. (A 10().(K)% iH-*.- univ 
rcj;ton pftHlua M and ptnftc.'i 



C'l.A was more stable rhr: 
esters (18), AiiotticT stud 
the following (uder: oleat 
40"^^ C and iUoTnlorcd by ' 
c/.vj \-rrafis. the inajor m 
and 1 ! i - rn o n oil y d ro pc ro ,\ 
1.^-, and 14-nionohydropt: 
Data reported on the 
tions. C'l.A do UOl Ca.silv 
see.uis comparable to thai 
breakdown of peroxides i 

Voh tiles 

In ;i pilot projecl on deve 
liexane was observed ni 
searching (or the source 



i\i),t:\2 



flO.rl'2 



I c9,cii 




y! eblerb of (n) a "-^ isomri 
lOO-in CP StI <SH ftjsrd SiliCa 
.flur.l ui» irlcniiCrft lu protl 
NuU-' cu-elution of 8- 



jaii for CLA. When a mix- 
of oxidntion was o\>i»sidcr 
:>xuliiiion w;is me-asufe<j as 
.tf CLA ist)mcrs, stability 
s > cisxis. (17). hi a study 
Id induction period sysiccii. 



( :<imfnercui / Syn tf^ ■ of CLA 

\ 

TABLE 5.1 
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Janiiaty-Mdrdi zmi^ 
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"the isomers 10 H\U)s,)'/ i.iy and 1 l-c/s. 1 3-rran.« are expr*».',r^*l .is 0»i.; pertcnta^^c of total CI.A. Only Iwn {.jfod- 
tjr.I;-. w«(<' of ihv.- "4 iiiomftr' ty)-)fi. Two |)<VHliit:ls were liquids, one oil nn<) onf- frfimkif.m (1 .77c iat). Contcnr o', 
9-C75, 1 l-rrsnx fr.ni r.ilmkiKxl dm: lo overlap with R^fn^nfi,^ () r:/.-.) i-; ;,i[jj.iroxirnatcly equal or «ligh(W l<*ss iIi.mi ; i)- 
ry.»(K,V/ uVin all supplenriflnlfi runrtnily ;iv;iilnhlr. L>islillcd products lypir.illy li.wc uvij vulucs ot lO.I-rrif* 
rnj» KOH/p. (A l(J().on% frt-*; fatty acid produCT of oleir. .loid l.;r. ;i llK-^jrctical acid value of 1 ^JW hO). C, i A 
fV(gtOit <.ii' product M andprodifiM 17 i:; illusf.i;tivJ in I iguiv5..i. NA, nol ,iv;M'I,il.ii.-. 



CLA was liunv. .stJible than linoleic acid us Tree t;itty acids, and Ics.s stable ;is ethyl 
esters (18). Another siiuly ii.sinf; methyl esters rcporiEd that stability deercascd in 
the Ibllowinj; order; olcaLc > CLA > liiioleate. Samples were stored tn the daik at 
40"C iuid monitored by thin-layer ehromnt.o^zraphy (TLQ, CJC and PV. From 9- 
cisAi-lrans, the miijor mouohydroperoxides loi-med were identified as 9-, 12- 
and 1 3 -nionoliydro peroxides, whereas l0-/rans\]2 cix yielded primaiily 10 . 
13-, and 14-monohydroperOxides (19). 

Data reported on the PV of CLA preparations are consi.sient with our obsei^a- 
tions. CLA do not easily develop high PV, yet the oxidative breakdown ol CI .y\ 
seerns efimparable to that o(" linolcie acid. The reason is likely to be a more rapid 
breakdown ot peroxides into seeondary oxidation products. 

In a pilot project t)n devclopin/; a procedure for CLA production, a high eontem of 
hex an e wa*; observed in a product, by head space Cj'C-ma.ss spe-ctromelry. A Tilt 
searching Cor the source of cotuaini nation, it was finally ct)nelu(icd that peiuaue 
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and hexanc arc among tlie sccondaiy oxidation products of CLA. Tliis was Inter 
confirmed by cxpcnmcnts. To our knowledge, hexanc has never been rcpone-d to 
be an impoit<nnT inherent oxidation product of vegetable oils. In a free fauy aci<l 
coTiccnlrafc of 9-cii>\ll-tranx stored in the dark with air access for I wk, tiie iwu 
major volaliics that cleveloped were, aot surprisingly, hepmnal and 2-nonenal. The 
concentration iiicrcasc{! from 4.8 an<I 0,7 to 84.6 and 22.5 ^g/g, respectively. 
Volatile breakdown products se^.ui not to build up in soft gelatine capsule supple 
ments. A c:LA product that was stored for 5 y at rooni temperature contauied 2.3 
Ug/g hexanal and 2.2 ^i;/g heptaiiat (<l;jta nor published). No antioxidant wa.s added 
to the .supplemexit. 

Among less voiaiiJe breakdown products, (uran farry acids were reported when 
air was- bubbled through CLA dissolved in a mixture of methanol and water at 
50°C. (20j. ruraiu)id t atty acids might al.so arise in pici)aralion of fatty acid methyl 
esters (FAME) for GC. To our knowledge, liiran fatty acid.s have not been reptjrted 
as iiii oxidative breakdown product in dry oil preparations of CLA. 



Polymers 

Conjugated oils are con.sidcred valuable raw materials for Itic paint and varnish 
industry because of their film Ibrming properties ("drying") upon air access. This 
propeny gives- rise to concern regarding tJhe stability orc;i-A preparations. In a sta- 
bihty te-st program, 10 rnl- ol'CLA triacylglyeerols and free latty ;icids were stored 
in an arnbcr open glass bottle in darkness. Alter 4 mo at IS^'C, controls wlrhoni 
antioxidants added were highly vi.seous and not suitable for further stability testing. 
The .saniples had a membrane layer on the surface, and tiic vi.scosity clearly devel- 
oped over time. Sampie.s with antioxidanb; did show a retarded viscosity develop- 
ment (data not puhlishexi). 

Soft gelatine capsules are considerwl to give reasonable protection from expo- 
sure u\ uTisatv3 rated oils to air. Capsule.s containing CLA free fatty acids showed a 
shght increase in polymer content from 1% in freshly prepared capsules to 7% 
after 5 y (data not publi.shed). For comparison of health nsks» a Umit for rejection 
on c(K)king oils has been est.'ibUshed in some countries; values liiste-d in a report 
iTonj die Kuropean r'arhament are 16% (Holland), and 10% (lielgium and Czech 
Repnbiic)(21). 

Stahiliiy of CLA in Soft Cefatine Capsules 

No data have yet be^.n publishc<l on the stal)ility of CLA m capsjulcs. Observation.s 
on polymers and v(»lati.les in capsules are reported above. In a stability test pro- 
gram according to International Conference on Haj;moni^ation (ICH) gnideliites on 
a free fatly acid pixxluct, the content of total CLA was not sigriiHcantly reduced 
after 24 ino at 25'-'(V6()% relative Immitlity. In this lest, CI, A was measured by GC, 
Peroxide value (PV) did not develop in the cap.sules (data not published). 
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Next Generation Products 

Isomer Furificntion 

All CLA supplements euiTently offered eonl^ain approximately equal amounts of 9- 
cisA\-lranx and XO-lrafusAl- cis. The extra eosts of producing a biased isoriicr 
product niiglu be justified if beneficial health er/eels were documented. The 9- 
cis^ 1 -Trans and die M)-transA2-cis isomers of CLA ajxi now available ior research 
purposes in kilopam scale witli a purity of -90%, T,n small quantities, purities up 
U) 99% are offered. High yields and hi^jh purity can be obtained f)y repente^l cty.s- 
lalli/Mion of the methyl ester forms in acetone at temperatures as \ow as --60°C 
(22), 

A concentrate with 83% 9-rrv,l 1 -tram isomer was obtained from pentJe deiiy- 
dration of ricinoieie acid from castor bean oil and subsequent purification steps ^4). 
The use of urea inclusion compounds dtx-s not seem to t)e a f easible pnjccdure to 
separate 9-^;y.v,l \-rram' and (23). Hnz.ymes, however, are promising' 

U)ols for these separations, A 9«% concentrate of ^-cisA \-irwus was reponed bv 
using hpjLse from Geovirhum candUlum. The enzyme was capable of estcriivinj; 
selectively ^-dsSl-lnms to monohydric alcohols from a mixture of several im> 
mers (24). A patent has be^^n i.Ssucd on purification and characieri/.ation of iso- 
merases from IVopi/mibacTenum axjncs and Closlridium sporo/^ene.w The punfied 
isonierase preparations were able to quatnilaiively isomerize linoleic acid into the 
H)-r/Yv/i,12-ci.v isomer of CLA (25). 

Trhcyl^lycerots for Food Applications 

Free fntty acids antl monoalkyl esters are applicable to supplement capsules and 
probably also to animal feed formulations. However, as an ingredient m food for 
human eonsmnption, CLA is most attractive as a triacylglyecrol. A nonspecific 
lipase has been reported to cslerify CLA with glycerol very efficiently (26). 
Ineoiporation of C;LA into food fats and oils has also been reported Ibr fish oils 
(27), t>ut(erfat (28,29), and com oU (30). A bottled triaeylglycerol product, siabi- 
ri7,ed with antioxidants, has t>een avaiLible in the health food market in Scandinavia 
since 2000. flavor and antioxidants are added U) the oil designed to be taken by 
sption. Further technical developmenLs of CLA products improving d\e sLahility and 
applicability as well as addressing specific issues of food legislation wdJ require 
attention before CLA can be made available as an ingredient for animal fe^^ and 
human food. 

Summary 

CLA supplements for human consumption have been available since 1995, and 
most of the products conUiin hetwe^.n 60 and 80% CLA in the form of free laity 
aeids. The history of CLA produced for te-chnieal purposes dates back ahnost l OU 
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y, fiowcvcr. The i.soniei' profile ol the siippleiiioiils range (Vom au almost pure 9- 
ci:iA\-lrarLs + \()-transA2-cis~5{)l^{) mi)cture Ciiiade ia ak'ohol siilvents beiwecri 
100 iind 150"C), to a rmxture with iVmr pniminent cisjrans or tnms,cis i.somers 
produced in hijrh nllcaiiiie wKtcr at higli teinpjeratares, of which S'lnrnxAO-cis and 
ll-cisJ3~iran.s' \H:2 are produced from 9-dsJl-/ranx arid M) trans A2-c is, ix;spee 
tively, by thermal | sifiinatropic reananj^emeats of the isomers. Supplemeats 
arc typieally offere-d as free laity acids ia soft gelatine capsules. Unpubh.shefi data 
t)ii slabiluy oJ' CT A in capsules storefi according lo ICH guidelines for 2 y did not 
show any loss- uC active iiigredieiii. 
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Conjugated Linoleic Acid Modulates Tissue Levels 
of Chemical Mediators and Immunoglobulins in Rats 

Michihiro Sugano'*", Akin Tsujita^ Masao Yamasaki' 
. '^'waNogudii',andKoiiYamada' 

sceoces, Prefectural Un.ve^.iy of <unua«>to, Kumamoto 862 ^502. )apao 



iS^P/ I*^ ^"^^"^ conjugated linoleic acid (CLA) on 
the levels of chemical mediators in peritoneal exudate cells 
^ and long, and the concentration of immonogSul"' 1^ 

f^^n r '^'^'"5 either 0 

^tcol), 0.5 or 1.0% CLA for 3 wk, there was a trend lOwaS a 
«du^on n ,he release of leukotriene 6, (mJiroiTl' 
d«e cell, ,n response to the dietary OA levels. However Sa 

f^^^' f ''^ A Similar dSii 

r«ponse pattern a so was observed in splenic LT8^ lung LTC 
and serum prostaglandin levels, and the differences in these 
.|Kl.ces beKveen the control and 1 .0% CIA groups w^e ^11^2 
'"^'"^ ClA<5the'^,oJrt.W 
2J polyunsaturated fatty acids in peritoneal exuda^ells and 

^Zt^ T ^'^^ *o be responsible at least 

•n part for the reduced eicosanoid levels. Splenic levels of im 
jnun^ulin A-(,gA,, ,gC, and IgM increased ^hlle thot of 
•gE decreased significantly in animals fed the 1 .0% CLA diet 

Jf '"'^'^ og.obdins.te 
levels of lg^ IgC. and IgM in mesenteric lymph node Ivmnho- 
CKt« .ncr^ J„ ^ doseniependent manner, ^iMgECa^ ^ 

t ''^'^ ^ "^-ver no^^- 

^^^iT J" PJ'P^^^" of T-lymphocyte subsets of 
•nesenieric lymph node. Ttiese results support the view that a a 
«.ft.gates the foodnnduced allergic reaction 
tvMjiJ, 521-527 (1998). 



Oojuga^ ItDoleic acid (conjugated derivative* of linoleic 
^l,J^ . ^""^ physiological effects most of which 
«*Wabk to ht«na« health. A range of studies has shown 

J^^^^^ ^ °" ""^"^ carcinogen- 

«« (1-4). The mechanism underlying this effect is not yet 
well widetstood (5). but continued intake of CLA is not ncc 
c«anly required for suppression of carcinogenesis (6.7) 
Whenconsidcr«,g the diverse effects of CLA. it is reasonable 
that eicosanoids are involved in the mechanism. The influ- 



•To whom ««nT»p<XKl««ice d.ou(<l be «l<lre««d „ F*culty of Hum.„ i ir- 
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ac.d 0 ai^chtdon.c acd and, hence, eicosanoids appeans to 
be related to thetr desirable effects, since CLA tendSt^iS 
Arc* Ac bssuc level of prosuglaodin E, (PGE,). a putative 

candidate for a cancer-promoUng eflcct7f dict^ n/polyun! 
saturated fatty acids (PUFA) (8). In addition. Sre Z 

for eicosanoid production, as it is shown to undergo dJatura- 
non and elongation similar to linoleic acid (9). although it is 
unknown whether these mcUboli.es couJd be convcrteT^o e ! 

cosanoids. 

Since the food ^lergic reaction can readily be modified by 
the type of dietary PUFA. either n-6 or n-3 (10.1 1) it is inter 
esung to know if CU. could modify it. The cUni2i syl^^^" 
of food allergy ,s induced by the production of chemicJme- 
dutoi^such as histamine and leukotriene (LT) and PG trig- 
gered by allergen-specific irnmunoglobulin (lg)E (12, 13) Our 
previous studies showed a reducUon by CLA of the semm 
PGEj Icrel (8). which is one of the typical chemical media- 

? ^ ^^^^ Bel«ry 

and Kempa-Steczko (14) showed that CLA teduces the prx,- 
pomon of hnoldc acid dose^iepauJeody in hepatic phospho- 
Up.d and suggested this may result in modified aracfaidonate- 
d«ived ej«,$anoid production by exttahepaUc tissues. More 
«cently. Wong e, (15) sported that CLA moduUtes cer- 
ttin aspects of the immune defense such as lymphocyte pro- 
liferation m mice, although the effea was not always repro- 
duced possibly because of the dependence on die dumioSi of 
*c feeding penod. In Oie present study, we measured the pro- 
ducuon of chemical mediators and the level of Ig in tats fed 
different levels of CLA. either 0 J or 1 .0%. 

MATERIALS AND METHODS 

Preparation of CU. CLA was prepared according to the 
meU,od described by Ip « cl. (16). In brief. 50 g oHindSc 
•ad. punty >99% (Sigma Chemical Co.. St. LouU. MO) wis 
Jssolved in 290 g of ethylene glycol conui„i„g |5 g of 
NaOH and heated at I SO'C for 2 h under nitrogen. L,t lol- 
tag to room tempetature, the content was adjusted to oH 4 and 

Tn!?. "'IV'^^^T ^ ^""^ ^"^hcd with 

5% NaCI. dehydrated with 3-A molecular sieves (Nacalai 
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Tcsqu, Kyoto, Japan) and dried in a rotary evaporator under 
nitrogen. The purity of CLA was measured by gas-liquid 
chromatography (Shimadzu GC-I7A, Kyoto, Japan) using a 
Supelcowax 1 0 column (0.32 mm x 60 m, film thickne3s, 0.25 
urn; Supeico Inc., Bellefonte, PA). Column temperature was 
raised from 1 50 to 220*'C at a rate of 4''Cymin. The identifica- 
tion of peaks was carried out by the equivalent cha'm length 
method (17) and gas chromatography-mass spectrometry 
(Jcol Auto MS 50, Tokyo. Japan). The purity of CLA prepa- 
ration was 80.7% with the following composition in percent- 
age: 9c, 11 //9r, lie. 29.8; 10t,12c,29.6; 9c.llc. 1.3; 10c,I2c, 
I.4;9f.llr/t0rJ2/, 18 6; linoleic acid, 5.6; and othe«, 13.7. 

Animals and diets. The animal experiment adhered to the 
Kyushu University guidelines for the care and use of labora- 
tory animals. Male, 4-wk-old Sprague-Dawlcy rats were ob- 
tained from Japan Charles River (Acsugi, Japan) and housed 
individually in a room with controlled temperature and light 
(2a-23*C and lights on 0800-2000 h). After acclimation for 
4 d, rats were divided into three groups of 10 rats which were 
given free access to the experimental diets. The diets were 
prepared according to the recommendation of the American 
Institute of Nutrition (AIN-93G diet) (18). The basal diet con- 
tained the following ingredients, in g/IOO g diet: cornstarch 
39,8; casein. 20.0; dcxtrinlicd cornstarch. 13,2; sucrose, 10.0; 
soybean oil. 7.0; AIN-93 mineral mixture, 3,5; AIN-93 vita- 
min mixture, 1.0; u-cysiine. 0.3; choline bitartrate, 0.25; cel- 
lulose, 5,0; /«rt-butylhydroquinone, 0.002; and either linoleic 
acid, 1,0; linoleic acid (Control) and CLA, 0-5 and 0.5; or 
CLA, 1 .0, Thus, LA or CLA was added at the expense of soy- 
bean oil in the AIN-93G diet The fatty acid composition cal- 
culated from the composition of individual oils is given in 
Tkble I, Body weight and food intake were recorded every 
other day. After 3 wk of feeding, five rats were used for col- 
lection of the exudate cells and the remaining five rats for 
other analyses. Blood was withdrawn from the abdominal 
aorta under light diethyl ether anesthesia and tissues were im- 
atediately exdsed. 

Preparation of peritoneal exudate cells (PEC). The 
method described by Matsuo et at. (19) was adopted for the 
preparation of PEC. Tyrode buffer, consisting of 137 raM 
NaCl, 2.7 mM KCl, 0.4 mM NaH^PO^ ^HjO, 1 mM 
Mga2-6HjO, 12 mM NaHCOj, 1.8 mM Caa2-2H;^0, 5.6 



TABLE 1 

F«tty Add Comfxxition of OicUry Fat^ 



Fatty *cid 




Croup 




Control 


0.5% CLA 


1,0% CLA 


16:0 


9.1 


9.0 


9.0 


ie,-o 


3,2 


3.42 


3,2 


16:1 


20A 


203 


20.1 


CXA 




6.4 


12.9 


lea 


S9.7 


53.6 


47.4 


18:3 


7.5 


7S 


7.4 



•Fttty *ci<5 cofnpoiltwn w*i c*k:uU(«d from the cooyoiWoo o( kwflv^duiLl 
axn(^of^ Uti, toyhtzn oH, UnoUlc acidL «n<l cooju^M^d UoqWc *cW 
fOLAJ. 



mM D'glucose and 0.1% bovine scrum fraction V 
(Boehringer Mannheim GmbH, Mannheim. Germany). pH 
7.4, was injected into the rat peritoneal cavity (6 mL/lOO g 
body weight), and the abdomen was gently massaged for 2 
min. Then, the cavity was opened, and the buffer conUtning 
PEC was recovered with a plastic pipet. The fluid was ccn- 
trifugcd at 200 X g for 5 min at 4**C The supernatant was dis- 
carded and the cell pellet was resuspended in TVrode buffer. 

Measurement of Uukotriene (LTBJ and histamine. 
LTB4 was measured as described elsewhere (20-22). PEC 
(2x10^ cells) were suspended in TVrodc buffer containing 5 
mM calcium ionophorc A23187 (Sigma Chemical Co,)- After 
incubating for 20 min at 37*C, 50 mL of the acetonitrilc/ 
methanol mixture (6:5, vol/vol) and 50 ng of PGBj (Sigma 
Cbemica} Co.). as the internal standard, were added. The mix- 
ture was kept at -20'*C for 30 min and then centrifuged at 
\ ,000 X g for 10 min. The supernatant was filtered through a 
4-GV 0.22 [im filter (Millipore Cot^., Tokyo, Japan). LTB^ 
was measured by reversed-phasc high-performance liquid 
chromatography (HPLC) (SCL-lOA; Shimadzu Co^ Kyoto, 
Japan) equipped with an ODS-A column (150 x 6 0 mm, 5 
jiL particle sire; YMC, Kyoto, Japan). A mixture of acetoni- 
irile/melhanol/watcr (30:25:45, by vol) containing 5 mM 
CH3COONH4 and 1 mM disodium EDTA pH 5.6, was used 
as a mobile phase with a flow rate of 1 .1 mL/min- LTB^ and 
PGB2 were detected by absorbance at 280 nm (SPD-lOA; 
Shimadzu Co.). Quantitation of LTB^ was achieved by com- 
paring the peak area of LTB^ with that of PGBj. Histamine 
content in the culture supernatant was measured fiuorotnetri- 
cally (193). Tht intracellular content of histamine also was 
measured after disrupting the cells by sonication. 

Preparation of spleen and mesenteric lymph node (MLN) 
lymphocytes. Spleen and MLN were excised imraediately 
after withdrawing blood from the aorU, and the tissues were 
immersed in RPMl 1640 medium (Nissui PharmaceaticaJ 
Co,, Tokyo, Japan) (24,25), The lymphocytes were rinsed 
three times with the RPMI 1640 medium and filtered to 
remove tissue scum. To remove 6broblasu, cell suspension 
was incubated for 30 min at 37X. Then, 5 mL of the result- 
ing cell suspension was layered on 4 mL of Lympholytc-Rat 
(Ccdarlane. Hornby, Canada) and centrifuged at 1^00 x g for 
30 milt The lymphocyte band at die interface was recovered, 
and the cells were rinsed again. The lymphocytes were cul- 
tured in 10% fetal bovine serum (Intetgcn, Purchase, NY) in 
RPMl 1640 medium at a cell density of 2.5 x 10^ cclls/mL 
with or without 2.5 pg/naL of lipopolysaccharide (Bacto 
hpopolysaccharidc B. Escherichia coli 026 ;B6; Difco Labo- 
ratories, Detroit, MI). After incubation at 37*C for 24 and 
72 h, the concenu^tioos of IgA, IgG, IgM, and IgE were 
measured by an enrymc-l inked immunosorbent assay 
(BUSA)(26). 

T<ell population analysis. Spleen and MLN lymphocytes 
were analyzed as CD4*- and CD8*-cclls by using fluorescein* 
labeled mouse anti-OM (W3/25, mouse IgOl) or phycocry- 
thrin-labeled mouse antl-CD8 (MKC OX-8, mouse lgO\) 
(both from Serotec Ltd., Kidlingtoo, Oxford, United King- 
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dom) (23,25), The staiacd lymphocytes were fixed with 2% 
paraformaldehyde and analyzed with the EPICS Profile H 
flowcytoraeter (Coulter Electronics Ltd^ Luto, United Kocg- 
dotxi). 

Measurement of serum and culture supematccnt Ig by 
EUSA. Mcasuremenis of total Ig were executed usiog sand- 
wich EUSA methods (24,25). Goat and-nit IgE, rabbit anti- 
rat IgG (Fab^l, goat anti-rat IgM (all from Biosoft, Paris, 
France), and mouse anti-rat IgA (Zyraed Lab, San Francisco, 
CA) were used to 6x respective Ig. These antibodies were di- 
luted 1,000 times with 50 loM carbonate-bicarbonate buffer 
(pH 9.6), and each wcU of 96-wcIl plates was treated with 100 
|iL of the solution for I h (2 h for IgA) at 37^C- After block- 
ing with 300 pL of the blocking solution overnight at 4"^ 
each well was treated with 100 jiL of the diluted zexum or cul- 
ture supernatant for 1 h (2 b for IgA) at 37'C- Bound IgA was 
detected by reacting stepwise with 100 jiL of peroxidase 
(FOD)-coajugatcd rabbit anti-rat IgA (1,000 times dilution; 
Zymed) ai 37'C for 2 h, IgG with 100 yL of POD-conjugated 
rabbU anti^IgG (Fab')2 (2,000 times dilution; CappeJ, West 
Chester, PA), and IgM with 100 pL of POD-conjugated goat 
anti-rat IgM (1.000 times dilution, Cappel) at 37**C for 1 h. 
WcUs were rinsed three times with Twecn .20 in phosphate- 
buffered saline between each step. After incubation at 37''C 
for ) 5 min with 100 pL of 1.5% oxalic acid, absorbance at 4 1 5 
mn was measured with an MPR-A4i ELISA reader (Tosoh, 
Tokyo, Japan). The bound IgE was detected by reacting with 
biotin-<:onjugated mouse anti-rat IgE (2,000 times dilution; 
Betyl, Montgomery, TX) followed by POD-conjugated avidin 
(5,000 times dilution. Zymcd Lab) at 3T*C for 1 h. 

Staiistical analysis. Data were analyzed by ooe-way anal- 
ysis of variance followed by Duncan's new multiple-range 
test to identify significant differences (27). Values in the text 
arc means ± SE 

RESULTS 

CrxTwih performance and (issue weight. As shown in Table 2, 
flicre was no difference in food intake and 'growth of rats for 
3 wk among the groups. Thus, the feed efficiency also was 
comparable among the groups (mean values 0.41 to 0.42). 
Among tissues weighed, there was a tendency of inctwing 
liver weight and decreasing pcrirena) adipose tissue weight 
by dietary CLA and the difference between the linoleic acid 
and 1 ,0% CIA groups was significant 

Release cf chemical mediators from PEC. PEC isolated 
from rats fed linoleic acid or CLA were incubated with or 
without calcium ionophore A23 187, and the concentrations 
of histamine and LTB^ were measured in the medium. The 
content of hisumine in the cells also was measured to esti- 
mate die cellular histamine contents. As shown in Figure I, 
the effect of CLA on the release of histamine in PEC was di- 
verse, and there was no signiftcant difference in any of the pa- 
rametcn measured. However, the amounts of histamine 
stored in the cells tended to decrease with an increasing di- 
etary level of CLA. There was a trend toward a reduction in 




nc. 1 . Effea of dietary conjugated linoleic 4cld (CLA) on histamine 
content vxf release (A) and Icukotriene aiBJ release (6) in rat peri- 
toneal exudate cells. Means ± S£ of five rats. Histamine release was 
measured in the presence and absence of calcium ionophore A23187. 
Total, total amounts of histamine in tfic cells; Sponuneous, the amount 
of hisumlne released during incubation without calcium iorwphore 
A231 87; Activated, the amount of histamine which was released from 
the cells when treated wHh A23187, 

LTB4 release in response to the dietary level of (XA, but the 
difference was not significant 

Tissue eicosanoid levels. The effect of CLA on LTB^ and 
LTC4 levels of spleen and lung is shown in Figures 2 and 3, 
respectively. CLA dose-dcpeadently reduced the level of 
splenic LTB^, and the difference between the control and 1% 
CLA groups was significant- No effea of CLA on the splenic 
LTC4 level was observed. However, the concentration of 
LTC4 in lung was reduced significantiy by CLA even at the 
0,5% dietary level, A trend of the dose-dependent reduction 
of LTB^ also was observed, but the difference was not signif- 
icant The results of the levels of spleen and senim PGE^ are 
summarized in Figure 4. CLA significantiy reduced the con- 
centration of senim PGE^, while there was no effect of CLA 
on the splenic level of PGE^. 

Fatty acid compositions of PEC and splenic lymphocyte 
lipids. The PUFA composition of PEC and spleen lympho- 




FIG. 2. effect of dieury CIA 00 the concenirauon of splenic (A) LTB^ 
and (B) leukotriene aTC4)- Mean * SE o^ Hve rats. Values without a 
common letter are significantiy different at P < 0.05, For abbreviations 
see Figure 1 . 
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TAWJE2 

EffccU of OA on OrowCb And HiMie Waghts of Rats' 

Group 



Parameter 


Control 


0-5% OA 


1.0% CLA 


Initial body weight (g) . 


102 ± 1 


101 ±1 


102 




1 


Final body wei^ (g) 


170 ±2 


166 ±3 


162 


± 


4 


Food intake (g^day) 


19.1 ±0-2 


18.9 ±0J 


18-6 


± 


0.3 


Tissue weight 00 g body weight) 










0.07* 


UvGf 


4.17 ±0.09^ 


4.11 ±0.09*^'' 






Kidney 


0,65 ± 0.03 


0.86 ± 0.03 


0.87 


± 


0.05 


Perirenal adipose tissue 


1.41 ±0.07* 


1.09 ±0,09*'** 


0.97 


± 


0.14*' 


Heart 


0.40 ± 0,02 


0.34 ± 0-O4 


OJA 




0.04 


Lung 


0.^ ± 0.02 


0.52 ± 0.07 


0-49 


± 


0-01 


Spleen 


0-22 ±0.01 


0J2 i 0,01 


0.25 


± 


0.02 


Brain 


0.66 ±0.02 


0.70 ± 0.01 


0.70 




0.01 


Tcstfs 


0,96 ±0.04 


0.67 ±0.10 


1-00 


± 


0.03 



•Mean ± S£ of S rats. Control group received 1 -0% linoWc add; 0 ClA group, 0-5% each of 
linoleic and CLA; and 1 .0% CLA group, 1.0% CLA. rcs(>ecirvety. Values without a common super- 
script letter (a.b) are stgntfkarrtly different at P< 0.05. For abbreviation see Table 1 . 



cyxt total lipids is shown in Table 3- There was a dosc-depcn- 
dent reduction by dietary CLA of all n-6 PUFA, 18:2. 20:3, 
20:4 and 22:4 in PEC lipids, while there was no difference in 
the proportioo of n-3 PUFA, 22:6 aniong the groups. A clearer 
change in these n-6 PUFA was shown in splenic lymphocyte 
total lipids, and the reduction of 20:4n-6 was significant on a 
1 .0% CLA diet Docosahexaenoic acid also tended to de- 
crease with dietary CLA. The decreasing trend of all PUFA 
in CLA-f cd lats was mainly attributable to a moderate in- 
crease in major saturated fatty acids, and oleic acid tended to 
decrease similar to PUFA (data not shown). 

Serum thiobarbituric acid value. The concentration of 
ihiobaxbituxic add-reactive substance in senin) was not modi- 
fied by dietary CLA, and the values were within 4.1 to 5.5 
ng/mL senun in all groups of rats. 

Senan j(g levels^ As shown in Figure 5, CLA iiKttascd the 
concentration of .IgA, IgG and IgM, wtulc decreasing that of 
IgE in seruDi. The diCfereace between the control and 1 .0% 
CLAgrotqps was d^nilicant in these Ig. 

!g Uvels in spleen and MLN lymphocytes. Table 4 shows 



the Ig levels in the medium of rat spleen and MLN lympho- 
cytes cultured for 72 b with or without lipopolysaccharidc. Ir- 
respective of the presence or absence of lipopolysaccharidc, 
CLA showed no detectable effects on the Ig levels in spleen 
lymphocytes except for those of IgM after incubation with 
lipopolysaccharidc, where CLA increased it in a dose-depcn- 
dcnt manner- Under the similar situation, CLA increased the 
concentration of IgA, IgG, an'd IgM in MLN lymphocytes- 
The magnitude of the increase was particularly marked at the 
dietary CLA level of 1,0%. In contrast, there was a signifi- 
cant reduction of die IgE level when the cells from rats fed a 
I % CLA diet were incubated with lipopolysaccharide in com- 
parison with the control. A similar response to CLA also was 
observed even when these cells were incubated for 24 h (data 
not shown). 

Stfbsets of MLN lymphocytes. The proportion of T-lyropho- 
cyte populations of MLN was analyzed as CD4'^ and CD8"^ 
subsets. There were no effects of CLA on their relative pro- 
portions (CD4VCD8* rauo; 2.6 ± 03, 2.4 ± 0.2, and 2.8 ± 0. 1 
for the control, 0J% CLA, and 1.0% CLA, respectively). 




HC 1, CWea o( dkocy CtA on the cooccotruion of long (A) LTB^ »f>d 
(8) ITC4. Mean t SE of Cfve rjttj. Values without a common letter 8 re 
$<jnHic*c^ dif«erent ai P < O.OS- Ux abbrevUtlons jee Flgvfes 1 *od 2. 




f IC 4. Effect of dtettry CLA on the concentration o( <A) senim and (6) 
iplcen prostagiandin (PC€j). Mean t S€ of five fits, Vah#e$ whhoot a 
conKnon letter arc slgnlficjcitty different « f* < 0.05. Fof othef •bbrevi- 
*tk>o »ee Rgwre \ . 
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TA8U3 

effect? of CIA on Polyurmturatcd Fatty Add Com(>o£aion$ 
<i P«rito<icat Judaic CeWt and $pl««n Lympbocytc 
TottlUp'wfaof Rate* 







Croup 




Cells and fatty acid 


Control 


0-5% CIA 


1.0% CLA 






(wt%) 




Perkoneai exudate cells 








ia:2o-6 


S.5 


5.3 


4.2 


20-Jn.6 


0.8 


0-7 


n.d. 


20:4o-6 


12.7 


11.3 


9.0 


22:4n-6 


5.6 


5.3 


4.2 


22:6n-3 


0,6 


0-6 


0^ 


OA 










n.d. 


0.1 


0.2 


lOCUc 


n.d. 


OJ 


0-2 


Spleen lymphocyt« 








13:20-6 


12.2 ±0.8 


10-4 ±0.9 


9.3 ± 0.9 


20:3rv^ 


1.61:0.2 


IJ ±0J 


0.9 ±0.1 


20:4n-6 


20 J y: 0.8^ 


15.4 ±1 3* *' 


14.7 il.T*' 


22:40-6 


2.5 ±0.1 


2,0 ±0.2 


1.9 ±0-2 


22:en-3 


1^±0J 


0-e±o.i 


0,8 ±0.1 


OA 










0.1 ± 0.0 


0.1 ±0.0 


0J±0-0 


lOtUc 




0.2 ± 0.0 


0.2 ±0,0 



*Va(ues arc means of two pooled samples from two and three rats each for 
the exudate cells, and means ± SE of thret, five, and five rats for control, 
0-5% CIA, and 1 .0% OA fesp«crively. Values without a common juper- 
fCftpt ktter ta^) arc signrficantly different 9t P < 0,05; n.d., not deteaed. For 
o(her abbreviation soe Table i . 



DISCUSSION 

The pathway from Imoleate to arachidonaic and then cicosa- 
noids is crucial to a nmge of metabolic diseases (28^9), Food 
aJlcxiey is one such disorder, and it is known that some cico- 
sanotds air involved as chemical mediators in the manifesia- 
tioo of clinical syraptotns of hypersensitivity (12,13). The in- 
hibiton of LT production have now been cliaically adopted 
P03l). However, less is known of die effect that food com- 
ponents exert on ihis process. Although several food con^- 
ncnts have been shown to reduce eicosanotd production 



40r *- 




FIG. 5, Effect of dicUry CIA on the corKCntratioo of serum immuno- 
globulin5 Og). Mean ± SE of five rats. Values without a common Idtter 
(a,b) are significantly different at P < 0-05. For abbreviation $w Figure 1 . 



in vitro, in most cases it is practically unsatisfactory because 
of the limited efficacy (21,22). The results of the present 
study showed that CLA effectively controlled die production 
of LTB4, ^"TC^' PGEj. CLA siEnificanUy reduced LTC^ 
production in the lung but not in the spleen. A similar tissue- 
specific leduction of LTC4 was observed in rats given sesamin 
and a-tocophcrol simultaneously, while in the spleen LTB4 
but not LTQ was reduced (21 ,22). These observations sug- 
gest a complex interaction between dietary fat and antioxi- 
dants in the LT-producing systemL 

Numbers of animal studies showed that dietary PUFA ef- 
fectively modify the production of cicosauoids, and there is 
an interaction between n-6 and n-3 PUPA (32). FUFA of the 
n-3 family suppress the production of cicosanoids from ara- 
cbidonic acid and exert a substantial suppressing effect on 
carcinogeneais in breast and colon (33,34). However, the an- 
ticarcinogenic effect of 0-3 PUFA is far less than that of CLA 
(2-4), Eicosanoid production is known to be dependent on 



TABU 4 

effects of OA 00 the lniwiufK>e>obu«n Production in Spltnic and Mcsgntgric lymph Node lymphocyta of Rat*" 



Wcthout lipopotyyacduride With (ipopolysacchaode 



limnunogiobulin Control 0.5 CLA 1%CXA Control 0.5% OA l%aA 



Spleen tngAnU 

feA 37S±1.23 4.83 ±0.99 3.78 ±0.96 9.74^2.45 13.6 ±3.27 8.30 4 2.50 

51.0 ±4.6 53.$ ±2.3 61.5 ±2,6 68.1 ± 2.4 71.9 3:1.9 74,4*1.9 

tgM 223 x22 228 ±6 246 ± 9 311 ±9^ 346 ±6' 394 ± 6^ 

'8^ nd. n.dL n.d. n.d- n.d. n.d. 

Mesenteric lymph node (ng/mL) 

1,65 ±0.13' 4.78±1.77*' S-OSiO.!©*" 2.91 ±0.23^ 8-72±0.90^ 22.3 ±0./^ 

•jC n.d. 3.08±0,69* 28.1 ±4.38*' n.d. 4.64£0.1l'' 31.9±4.1« 

'eM 1.86 ±034^ 4,74 ±0-50* 96.6 ±13.4*' 2,85 ±0,44^ 6.36 ±0.48* 122 ±9^ 

'g^ 3.81 ±0.32 4.02±0J3 3.64 ±0,47 4.81 *0.17^ 4.S2±029^ 3.74±0Jl" 



^*nj * S£ o( flvt rats, Valuei without a comnion juperjcnpt letter (Ae,Ca,b,c) arc lignificandy different at /» < 0.05, Th« tyn^phocytej we incubated 
with or wUhout lipopoly^acchaf idc (of 72 K and tbc concentration o( Inimunoglobulim (ig) lo the wpernatant was measured; n.d^ not deteoed. 
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the substrate availability (35), CLA reduced the proportion of 
n-€ PUFA iacludin^ arachidoaic add in the immuac cells as 
observed in the liver and other tissues (8,14)- Because of the 
Umited availability of PEC samples for fatty acid analysis, 
they were analyzed as two pooled sanoplcs from two and three 
rats each. Though the number of analysis may not pennit us 
to draw a'dcfinite conclusion, it seems likely that fatty acid 
composition of PEC also responded similarly as in spleen 
lymphocytes. This reduction was at least responsible for the 
reduced production of LT and PG in these cells. CLA may af- 
fect metabolic interconversion of fatty acids in the liver that 
may ultimately result in modified fatty acid composition and 
arachidonate-derived cicosanoid production in cxtrahepatic 
tissue (14), However, more direct participation of the metabo- 
lites of CLA cannot be ruled out (9^6). Thercfoie, die pres- 
ent study added possible usefulness of CLA for controlling 
the allergic leacdon caused by food. Since the effea of CLA 
on Ig production differed between MLN lymphocytes and 
spleen lymphocytes, the analysis of the fatty acid composi- 
tion of the former cells may provide a clue to understanding 
tfic mechanism of action. 

In contrast to the eicosanoid production, the level of his- 
tamine released from PEC, which reflects the mast cell de- 
granulation by a receptor-independent pathway, apparently 
was not modified by CLA and more directly the fatty acid 
composition of membrane phospholipids. Engels et al. (37) 
observed diat the type of dietary fats and thus the change in 
the fatty acid composition of mast cell phosphoU^nds did not 
it\flucnce the cell dcgranulation process. CLA is repotted to 
be incorporated into triglyceride more preferably ifaan phos- 
pholipids in tumor cells (7). Thus, CLA may not substantially 
Influence the fatty acid composition of m^brane phospho- 
lipids and hence, ihe structme and function of the membrane. 
In such a situation, the degranulation of 4he mast cells may 
Dot be modified lai]gely. 

An interesting observation is that CLA regulates the Ig 
production class specifically. Food allergy reaction is initi- 
ated by the production of allergen-specific IgE (12,13). IgA, 
in contrast, serves as an antiallergic factor by interfering with 
the intestinal absorption of allctgcn, and IgG also works as an 
andaHcigic factor through the competition with binding of al- 
lergen to the receptor on the surface of the target cells such as 
miast cells and basophiles (12,13). CLA increased the produc- 
tion of IgA and IgG, while reducing that of IgE in lympho- 
cytes, in particular MLN lymphocytes irrespective of the 
presence or absence of lipopolysaccharide, a cell activator 
The response of splenic lymphocytes to CLA was less clear 
except for a slight but significant increase in* IgM after 
lipopolysaccharide activation. However, the response pattern 
similar to MLN lymphocytes was observed in serum, indicat- 
ing that CLA can modify the Ig levels preferably even on a 
whole-body basis. Bile acids (24) and unsaturated fatty acids 
(25) also regulate antibody production class specifically, but 
in a maoncr contrasted from that of (XA, These compounds 
may promote 0ie allergic response through an increase in IgE 
production and a reduction in IgA and IgG production. It is 



plausible that the productioo of IgE and of IgA and IgG aje ai 
least rcdprocally rcgulaicd. Thus, in addition to the favorable 
effect on the eicosanoid production, CLA was expected to 
mitigate the food allergic reaction. 

The amounts of CLA ingested by rats of die present study 
corresponded to approximately 30 and 60 mg/100 g body 
weight for 0.5 and 1.0% CLA diets, respectively. These 
amounts were pharmacological when extrapolated to human, 
18 and 36 g/60 kg body weight/day. However, as in the case 
of weight reduction in man, approximately 3 g/d for 2 to 3 
mon, a prolonged ingestion may produce a favorable effect 
even at a lower dose, A long-terra trial with a lower dietary 
level of CLA merits further study. 

In conclusion, CLA prxxiuced a situation favorable for mit- 
igation of food allergic reaction. Since the effect was seen at 
a dietary level as low as 0 J or 1.0%, it is likely that CLA can 
strongly regulate multiple metabolic processes. Thus, the 
clinical applicalioo of CLA is warranted. Studies with immu- 
nized animals will provide more direct mformation regarding 
this issue. 
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